Assessing Brain Activity through Spatial Bayesian Variable Selection by Smith, Michael et al.
Smith, Pütz, Auer, Fahrmeir:
Assessing Brain Activity through Spatial Bayesian
Variable Selection
Sonderforschungsbereich 386, Paper 316 (2003)
Online unter: http://epub.ub.uni-muenchen.de/
Projektpartner
 	
 	   fffiflffi
 ff !#"$%'&
() *% +,-%'.fi&% !/&0%fl
1325476-8:9<;>=?@2BAC6EDGFIHKJ9MLLNPORQ
S
ACT0URVWNXYN:AC69<9RZ
S
9<XU
[
S\^]
25_P`a8:6XC?K9M2BXab
c<degfih	jlknmofiprqtsvu0wgqGx	eMjlqy{z}|~moprkv	f
}P
jmljkŁl^ks|<y

	e<Ł%egmoprfrpr|7pBj>su^mqGŁlYfrGprkq%y

|7egfrŁlGy-jko	egq
 emprfipr|pBj*suw pprf¡moprfŁmny{¢£|gx	¤{f¥

¦Gf¡*fif	e§degf¡hjkmfrprq

|7egfŁYy-jkoegq
¨'©ªl«¬%­g®«
¯~°±	°²´³v°²¶µl±·~¸ ±	¹n±º»l°v¹²¶µº±	¸g¸ ²¶¼g½>¾¯7¿^ÀÂÁÃ	¹»¦·Ä7²¶¼½}ÅG¼>°Æ»½»¦¼»l¹n±··¶²´¼»¦±	¹{ºÅ~Çg»¦·C±¼gÇ*µl·¶±³vÈ
³²´µl±·YÆCÄC¸ÉÅ°Æ»¦³²´³Ê°v»¦³v°²¶¼g½Ã²¶³:±-ËÉ»¦¼gµnÆ º±	¹Ì°vÅCÅG·CÍiÅ¹:±³³v»¦³n³²¶¼½}ÆCÎgº$±¼0Ëg¹n±²´¼0±µ°²Ï7²°BÄ0Îg³n²¶¼½
Çg±	°±*Íi¹ÅGºÐÍÀÑaÒÓ»Ô7¸M»l¹²¶º»¦¼C°³lÕÖ¹n²¶³v°vÅG¼
j¦pÓ	
Õ×¾Ø	ÙÙGØ	±YÁÇg²´³µlÎg³³^³vÅGº»0·¶²´º²°±	°²ÅG¼g³ÓÅÍ:°Æ ²¶³
Íi¹»¦Ú~Î»¦¼Y°²´³v°-±	¸g¸g¹ÅG±µÆ±¼gÇÛ¸MÅG²´¼Y°ÅGÎ°¸ ¹ÅGº²¶³²´¼½Ü^±Ä»¦³²¶±¼¸M»l¹³v¸É»¦µ°²Ï»¦³lÕÒ¼Ý¸ ±	¹°²¶µlÎ ·¶±	¹¦Ã
±Ü±Ä»¦³²¶±¼ÛÍiÅ¹nº>Îg·¶±	°²ÅG¼Ý±·´·ÅÞa³-»Ô~¸ ·´²¶µl²°ºÅ~Çg»¦·¶²¶¼½±¼gÇ»¦³v°²´º±	°²ÅG¼ÝÅÍ{±µ°²Ï	±	°²ÅG¼Ý¸g¹nÅËÈ
±	Ë ²´·¶²°²»¦³lÕ7Ò¼Ý°Æg²¶³-¸ ±	¸É»l¹¦ÃÞ»>Çg²¹»¦µ°·¶Ä'±ÇgÇg¹»¦³³°Æg²´³-²¶³³Îg»0±¼gÇÛÇ»lÏ»¦·Å¸Â±$¼»lÞß¹»l½¹»¦³³²¶ÅG¼
Ë ±³»¦Ç#±	¸g¸g¹ÅG±µÆ#Îg³²´¼½Ý³v¸ ±	°²¶±·{Ü±¦Ä»¦³n²¶±¼#Ï	±	¹n²¶±	Ë ·¶»*³»¦·»¦µ°²ÅG¼àÕ:áÎg¹0º»l°ÆÅ7Ç/Æg±³0³v»lÏ»l¹n±·
±ÇÏ	±¼C°±	½»¦³lÕÖ²¶¹n³v°lÃY³v¸<±	°²¶±· µÅ¹¹n»¦·¶±	°²ÅG¼$²´³ÓÇg²¹n»¦µ°·Ä>ºÅ~Ç»¦·¶»¦ÇÍiÅ¹±µ°²Ï	±	°²ÅG¼t¸g¹ÅË ±	Ë ²´·¶²°²»¦³
±¼gÇâ²¶¼gÇg²¶¹»¦µ°·ÄÍiÅ¹t±µ°²¶Ï%±	°²ÅG¼ã±º¸ ·´²°ÎgÇ»¦³lÕ{ä}³t±WµÅG¼g³v»¦Ú~Î»¦¼gµ»Ã°Æ»l¹» ²´³¼ÅW¼g»l»¦ÇRÍiÅ¹
³v¸<±	°²¶±· ±Ç%åÎg³v°º»¦¼Y°²¶¼$±)¸ÉÅG³v°È¸g¹Å7µ»¦³³²´¼½³v°v»l¸ÊÕ¯~»¦µÅG¼gÇàÃ7±¼g±	°vÅGº²´µl±· ¸g¹²Å¹²¶¼gÍ¡Å¹nº$±	°²ÅG¼àÃ
³Î µnÆ±³{°Æg»-Çg²¶³v°v¹n²¶Ë Î°²ÅG¼)ÅÍ<½¹n»lÄ>º±	°v°v»l¹Å¹æ»Ô7¸M»l¹n°{Ì~¼ÅÞa·»¦Ç½»ÃGµl±¼$ËÉ»²´¼gµl·¶ÎgÇ»¦Ç>±³æ¸<±	¹°
ÅÍ°Æ»>ºÅ~Ç»¦·ÕMç-Æ ²¹nÇàÃg°Æg»>º»l°ÆgÅ~ÇEÆg±³³Î¸É»l¹n²¶Å¹a»¦Ç½»È¸g¹n»¦³v»l¹Ï	±	°²ÅG¼E¸g¹Å¸É»l¹°²»¦³}±³Þ^»¦·¶·
±³ËÉ»¦²¶¼½'Ír±³v°°vÅÛµÅGº¸ Î°v»ÕàèéÆ»¦¼/±	¸g¸ ·´²»¦ÇÛ°vÅÛÇg±	°±Íi¹ÅGº,±³²¶º¸ ·»Ï7²¶³Î ±·×»Ô7¸É»l¹n²¶º»¦¼C°lÃ
°Æ»¹n»¦³Îg·°³Ç»¦ºÅG¼g³v°v¹n±	°v»²¶º¸g¹ÅÏ»¦Ç³v»¦¼g³²°²¶Ï~²°5ÄÛÍiÅ¹Ç»l°v»¦µ°²¶¼½Û±µ°²¶Ï%±	°v»¦ÇWµÅ¹°²¶µl±·æ±	¹»¦±³
±¼gÇÛÍ¡Å¹-ËÉ»l°v°v»l¹-¸ ¹»¦³v»l¹Ï7²¶¼½Ç»l°±²¶·´³ÅÍ±µ°²¶Ï%±	°v»¦ÇÂ³v°v¹nÎgµ°Îg¹»¦³lÕ
ê
jlq¤Ós	kvx%më
ä}µ°²Ï	±	°²ÅG¼Ý¸g¹nÅË ±	Ë ²¶·¶²¶°²»¦³lÃC±¼ ±	°vÅGº²¶µl±·Ê¸ ¹n²Å¹-²¶¼ÍiÅ¹nº±	°²¶ÅG¼àÃÜ^±Ä»¦³²¶±¼
³v¸<±	°²¶±·àºÅ7Ç»¦·¶²¶¼½Ã7»¦Ç½»È¸ ¹»¦³v»l¹Ï	±	°²ÅG¼àÃgÍÀ Ñ-Ò^»Ô~¸É»l¹n²¶º»¦¼Y°³lÃÒ³²¶¼g½>¸ ¹n²Å¹¦ÃgÀ ±	¹ÌÅÏÛµÆg±²¶¼
ÀÅG¼Y°v»ì±	¹n·Å³n±º¸ ·¶²¶¼g½
íWî
µÅG¼ÅGº»l°v¹n²´µl³a±¼gÇÝÜÎg³²´¼»¦³³a¯~°±	°²¶³°²¶µl³lÃ
À»l¹»lÞ^»l°Æ»l¹ÜÎg²¶·´Çg²¶¼½Ã7ïÙ	ðÃ
ñ
¼g²Ï»l¹n³n²°BÄ'ÅÍ{¯7Ä~Çg¼g»lÄÕ
¿ÆÅG¼»$¾òó7ô¦ØGÁaõö÷7ô)ØGø	ùGø
Ög±%ÔW¾ò0ó7ô¦ØGÁ-õö÷7ô)ó%ðGÙGõ
»¦º±²´·úYûàü%ýgþgß Cþ	
àß þ


fffiffifl "!$#&%'()fl*!!+&,-!+.0/12#345fl6387:9ffifl;fi9 <>=?fi%?ff@-ABBC
  	

fiffffifl !#"$ %'&(ff)+*,&.-fifl &/ffffi"$ %ffffi'%1032547698;:=< ->&@?fl!A?&.BCffffiDfiflE GFflH#&.*;2I!
(flJfl!K(flLflJMNffffiD?O -,ff)?&!)P$ -,-fi&.-,-Q(<&R2I'(ff)fl !)ff)NPSfl2T'&.*,fl !U'&NH#fl*fiVW-.XYZ.*fi'.ff[ O!
F *;\ff)Sfi<&.-,&]-;(Bff)&.-#ffffi-^(<&9*fi&!ffiffffi _!ffi&QB'ffffi-,fiffffi@(ff)flSfl2 @(ffA? `(&.BS2I*fifl"aflbMN fiff)?O O(&B
?fldcb&.!)-e_ O-fi&.Bfflgfi<&S-,( O(ff)-,(ff)d !h  !APb-,ffffi-ifl2\ j2I'fiffffifl O!h(ffffi"k&L-fi&*fiff)&.-.XlJ( B O*fiB
?O !ffiff)B O(&Bm"$flJB&.!)-i&@cbffffi-;efiflnF&.*;2Ifl*fi"o%*,flFp  !APJ-fiffffi-q2Ifl*i&*fifl-fi.ff)&.D(ffArs OFF!ffiff)d `M
(ff)fl-j ff)"$&Bt Oj*fi&B.ff)%u2 !ffi-,&@MvFfl-,ff)fiff)?&G fiff)?O O(ff)fl-XxwyflH#&?&.*.zy -,-fi&.-,-fiff)%C2IflJd O!
_*( Offffin fiff)?Jff)NP/ff)BffA?bff)B !)!)P$ffffi-{">|<7"$fl*,&iB&."$ Bff)%k Bn"+ dPj*fi&}Wffffi*,&~ L2Iflb-
flfi<&*fi&.B'fiffffiflfl2]2 !)-fi&MN&%D O(ffA?&/?fldcb&.!y -,-fiffffi%"$&Ddz -kffffiCF*fi&-fi*,%ffffi. !{"+ FJM
Fffffi'%S( -fiVW-XQ<'&=-;| Ofiffffi-;(ffffi. !UFflH\&*9flO2-,|<n25476{8\-;(B'ffffi&.-{ff)-,ffffi%!ffi&q&*fifl-,*fi%ffffid O!
d -,&.-{ffffi-x2I'*,(<'&.*Q*fi&B&.B_WP+(<&RNPJFff)d !)!)Pkfl!ffiB'&.*Q %&q.fl"kF *,&.B/(fl>?fl!ffiDfi&.&.*,-Q2Ifl*
&.'*fiflF-;PJ|<fl!ffifl%ffffi. !^-,fiBffffi&-iffffiE?Jffffi&Hfl2(<&SVWflH{1 %&@MNB'&.F&.B&D~*,&.B@(ff)flmffffi
_!ffiflJflJB$fldcJPJ%&. `(ffffiflm0fl*#QqTi:h*fi&.-,Ffl-fi&OŁ-fi&&Rwy'&fifi&.!h0b	:2Ifl*\ =Bffffi-,.-,-fiff)flsfl2
(<ff)-xffffi-,-fi&OXflLfl	?&.*,.fl"k&R(<&-fi&q!)ffffi"kff)| `(ffffifl-^ff)xH#fl!)B/_&]B&.-,ffffi*( O_!ffi&]fiflLffffi*fi&. -fi&]fi<&
-fi&-fiffA(ff)?JffANPsfl2(<&=  O!)PJ-fiff)-xfl?&.*9-,( B O*fiBF*fiflJ.&B*fi&-.X
8ND(&.*,&.-;(ffffi'%!)Pz-;| 'B *fiBp-,( O(ff)-,(ff)d ! O !)PJ-,ffffi-ifl2\254n698yB O| BflJ&.-=fl=&@cbF!)flff)=ffffiJM
Bff)?Jff)B !K  O(fl"kffffi\ffffi'2Ifl*,"+ `(ffffifl>fl*2I@(ffffifl !&*fifl  Ofifl"$ff)QVWflH{!ffi&.B'%&zJ_flO(<
fl2H{<'ffffi|<+"$ dPL-,&2I!)!)PLfl"$F'!ffi&."k&.D^fi<&yff)'2Ifl*,"+ Ofiffffifl~F*fifl?JffffiB&B$_DPS(<'&{2I'fiffffifl O!
(ff)"$&e-fi&.*,ffffi&-.XUflJd !F<DPJ-fiffffifl!ffifl%ff)d !T*,&.-fiFfl-,&.-iFflE&*fifl !^ @(ff)?O Ofiffffiflnffffi-yVJ'fl	H{
(flq_&Q*fi&-,(*,ffffi@(&.BLfifl=fl*,fiffffi. ! 'BL-fi_.fl*;(ff)d !'&.*,fl ! O-fi-fi&">_!)ffffi&.-XQ<W-zWfi<&Q-fiF `M
(ffffi !ffffib2Ifl*fi"$ O(ff)flS _fl'(<'&yBff)-,fi*fiffffi_''(ff)flLfl2Ufl*,fiffffi. !K Bk-fi_.fl*,(ff)d !K%*fi dPL"+ `fi(&*
05 -flF'Ffl-,&.BS(flqH{<ffA(&Q"$ Ofifi&.* Bk.&*fi&_*fiflOMv-fiFff) !'ffffiBS-,fi*fi@(*,&.-H{<ffffi|<k_flO(<SBfl
fl{-,<flHQqTyMN*fi&-fiFfl-,&.-{(flS&.'*fifl O!T fiff)?O O(ff)flK:"+ dP/_&q<&.!)F'2I!5X
Q<&GF O|VO O%&plJ| `(ffffi-;(ff)d !{ *( "k&fi*fiff)G47 OFFffffi'%y0l'4G:$ff)-$ff)fl"$"kflC-fi&7 -
 -;| B *fiB(flJfl!R2Ifl* -fi-,&.-,-fiffffi'%<W"+ O_*fi ffffi @(ff)?JffANP-fiff)%B O| u2I*fifl" 254n698
&@cbF&.*fiff)"$&D(-.Xl'4 *,&.!)ffffi&.-iflg(<&kF *fi "k&(*,ffffiS%&&.*fi !!ffiffffi'&d *q"kflbB'&.! Bgflpfi<&
F*fiff).ff)F!ffi&-fl2![ -,-fiff)d !D-;| Ofiffffi-,fiffffi- O-fl'(!)ffffi&B=_DP=*fiff)-,fifls@TA '0¡¢¢D£:Xd8vd !).!ffi O(&-
¤
Mv?O !)&.-T2Ifl* fiff)?O Ofiffffifli&¥&.@(-h-,&.F O*( Ofi&.!)Pq2Ifl* !)!?fldcb&.!)-H{ff)fi<ffffie y-,!ffiff).&XQ<'&#(<'&.fl*;P
fl2y-,| `(ffffifl *,Pu¦= O-fi-,ff[ §*( OBfl"¨r&.!ffiB'-kF'*fifl?JffffiB&-$ EH\ Pufiflg .flDS2Ifl*L-fiF `(ff[ O!
.fl*,*fi&![ Ofiffffiflk_&@NH\&&./?fldcb&.!)-Q Bk(flL OB`©,-,#(<&y.fl*,*fi&-fiFflBff)%
¤
M? O!ffi&-\ffffi+ eFfl-,;M
F*fiflJ.&-fi-,ffffi%$-,(&FUXK8N'2I&.*,&.&.-q O_flb{*fi&.%ffffifl O!ffi!)P$-fiF&.ff)r=&¥&.@(-] *fi&q(<'&.7_ -fi&BGfl
(<&i*,&.-fi'!)(ff)%S-fiF `(ff[ O!ffi!)Pk-,"$flJfl(<'&.Bj"+ OFflO2
¤
Mv-,| `(ffffi-;(ff).-.X
*fiffffi-;(flC@9A ^0O_K:9B'ffffi-fi-fi-q-,fl"k&>!ffiff)"$ffA| Ofiffffifl-\fl2(<ff)-].!ffi -fi-,ffffi. ! OFF*fifl |<g B
Hx dPJ-{ffffi+H{<'ffffi|<jx dP&-fiffffi jffffi'2I&*fi&.'.&R. /_&]-fi&BjfiflLffffi"kF*fifl?&y(<'&i  !APb-,ffffi-XbYZ2I'bM
B "k&.D| O!ff)-fi-,&]ff)-~ª¡(< O(<'&L« 2I*fi&.}W&D(ffffi-;fi¬J­'Mv?O !)&{BflJ&.-\'fl\*,&&#(<&y!ffiffffiVO&.!)ffffi<flJflbB
(< `q(<&L&@¥&iffffi-qF'*fi&.-,&.Ddz_''i-fiff)"$F!APj(<&SF*,fl_ _ff)!ffiffANPjfl2\%&fififfffi%$(<&Sfl_-,&.*;?&.B
B O( jff)E(<&L&@¥&d®-e _-fi&.&OX°¯nQ<ffffi-iff)"$F!)ffffi&-]-fi&@?&*( !-fi<'fl*,fi.fl"kffffi%-RB&.-,.*,ffffi_&.Bgffffi
*fiffffi-;(fl@iA x05D`_UzTFFf±D²²D:@Xfl*=&@c' "kF!ffi&OzTfi<&s O!)(&*fi `(ff)?&S<WPJFfl(<'&.-fiff)-~(< O
  fiff)?O Ofiffffifls< -QflQflJ.*fi*,&.Bd 'fl{_&q*fi&¡©,&fi&.B_&d -,&q(<&qF*,fl_ _'ffffi!ffiffANPS2Ifl*
(<ff)-y&@?&WRffffi-9³.&.*,flXK'*,(<'&.*fi"kfl*,&zK%ff)?&.G&fl%<G*fi&F&. O(&BGfl_-,&.*,?O Ofiffffifl'-.zfl&=d 

 !)H\ dPJ-SrB E2 !)-fi&@MvFfl-fiff)fiff)?&+&¥&.@s `S&?&*,Pu?flcb&!XwyflH#&?&*.zffffi§.fl"$F O*fiffffi-,fl§ 
x dP&-fiff[ OC2Ifl*,">!ffi O(ff)fl1 !)!ffiflH{-~fi<&/&@cbF!)ffffi.ffA>"kflbB'&.!ffiff)%Gfl2{fi<&/F*fifl_ _ff)!ffiff)NPmfi< Ok 
?fldcb&.!h< -R_&.&.m O(ffA?O O(&BUXY923(&*](<&~.fl!)!ffi&.@(ff)flnflO2^(<&>B O| 'zK(<'ffffi-RF*,fl_ _'ffffi!ffiffANP/fl2
 fiff)?O Ofiffffiflpd u_&sd O!ffi.'![ Ofi&.B1-,ffffi%E"kflJB&.*,1.fl"kF'( O(ff)fl !^fi&.|<ff)}W&.-k -~fi<&
"+ O*fi%ff) !Ffl-;(&.*,ffffifl*\F*fifl_ _ffffi!)ff)NP$fl2 fiff)?O O(ff)fl/ O9&. |<?fldc'&!X
8Nnfi<ffffi-9F F&.*zKH#&~B'ffffi*fi&fi!)P BB'*fi&.-,-yfi<ffffi-9}W&.-;(ffffiflG B7-fi%%&.-,R k'&H*fi&%*fi&-fi-,ffffifl
_ -,&.Bk FF*,flD |<S-,ffffi%i-fiF O(ffffi !'\ P&.-,ff[ S?O *fiffffi _!ffi&-fi&!ffi&(ff)flS BS"kflbB'&.! d?&.*( O%ffffi%'X
fl*~&. |<1?fldcb&.!5zh 7_ff) *;Ppff)Bff)d Ofifl*q? O*fiff[ O_!ffi&k&@cbF!)ffffi.ffA(!APEF *fi "$&@(&*fiffffi³&.-=H{<&fi<&.*
(<&/?flcb&!9ff)-/ @(ffA?&^fl*s ff) fiff)?&AXhQ< Okffffi-zH{<&@(<&*kfi<&j.fl*,*fi&.-,FflBffffi'%p&@¥&
ffffip n*,&.%*,&.-fi-,ffffiflp"$flJB&!ff)-iflbMv³.&.*,flGfl*i³.&*fiflz*fi&-fiF&.@(ff)?&.!APXlbF Ofiff[ !^fl*fi*,&.![ `(ffffiflgff)-
ffffiD(*,flbB'.&Bff)WfiflE(<&j"kflbB&!x_DPC C8N-fiffffi'%gF'*fiffffifl*>2Ifl*>(<&j-,&$fl2]_'ffffi *;P1ff)Bffffi. O(fl*
?O *fiffffi _!ffi&-.XDYy-xflfi&.Bsff)+.fl"$Fb| Ofiffffifl O!F<DPJ-fiffffi-=0-,&.&qlWH\&B-fi&7 OBf %j0¡¢:
 BS*fi&@2I&.*,&.&.-^(<&*fi&ffffiK:z(<&Q"kflJB&.!b&.fl*( O%&.-hfi<&x2Ifl*fi"$ Ofiffffiflefl2!ffi-;(&*fi-^fl2!ffiff)V&M
?O !ffi&Bj_ffffi O*,Ps?O *,ff[ _!)&.-Xx dP&-fiffffi 7Ffl-,fi&.*,ffffifl*{  !)PJ-fiff)-Q-fiff)%k k. *fi&@2I!ffi!AP+( ffffi!)fl*fi&B
47 *,Vfl?C|< ffffi4nflDfi&x *,!ffifl04	Q4Q:k O!ffi%fl*,ff)fi<"¨ O!ffi!ffiflH{-LBff)*fi&kd !).!ffi O(ff)flufl2
F *fi "$&@(&*fi-q 'BG2I&d Ofi*fi&-qfl2ffffiD(&*fi&-,dzU BEffffi7F *,fiffffi![ *{(<'&L"+ *,%ffffi !TFfl-;(&*fiffffifl*
F*fifl_ _ff)!ffiff)NP$fl2 fiff)?O Ofiffffifl/ `{&d |<?fldcb&.!X
8NG.fl"$F O*fiffffi-,flj(fl+F'*fi&?Jff)fl-]"k&fi<flJB-.z(<'ffffi-R OFF*fifl |<7< O-]-fi&@?&*( !-fiffffi%ff)r. DR OBbM
?O D| %&-.XJff)*fi-,.zD-fiF `(ff[ O!.fl*,*fi&.!ffi O(ff)flLffffi-Bff)*fi&(!APL"kflbB&!ffi&Bk2Ifl*^fi<&] O(ffA?O O(ff)flLF*fifl_bM
 _ff)!ffiff)fiffffi&-y(<'&."k-fi&.!A?&-~ 'Bp(<'&$ O(ffA?O O(ff)flm "kF!ffiffA(B&-qfl!APGffffi'Bffffi*,&.fi!)PXUQ<ffffi-iff)-qffffi
.flDfi*( -;9fiflk FF*,flD |<&-{H{<'ffffi|<"$flJB&.!-fiF Ofiff[ !.fl*,*fi&![ OfiffffiflsB'ffffi*fi&fi!)Psff)/(<&i @(ffA? 	M
(ff)fl+ O"$F!)ff)fiB&.-zW B$ffffiBff)*fi&(!APLffffik(<&yF*fifl_ _ff)!ffiff)fiffffi&-hfl2T @(ffA? `(ffffiflUŁ2Ifl*&@c' "kF!ffi&-
-fi&&~¦
fl-,-fi!#@#A T0' 'Ł''._K:@Xlb&.flBUz_&.. -fi&qfi<&qFfl-,(&*fiff)fl*\Bff)-,fi*fiffffi_''(ff)flsffffiJM
.fl*,Ffl*( Ofi&.-x(<'&q-fiF Ofiff[ !-,fi*fi@(*,&=flO2fi<&q8N-fiff)%LF*fiff)fl*.zJ(<&*fi&qff)-QflL&.&B2Ifl*x-fiF `(ff[ O!
 B`©,-;("k&.D(-{ff)j SFfl-;,MNF'*fiflJ.&.-,-fiff)%S-,(&FUXQ<ff)*fiBUz' j&@cJ(*,&."k&.!)P+-fi&@2I!F*,flF&*,NP/ff)-
(< `hF*,ffffifl*ffffi'2Ifl*fi"$ O(ff)fl~ O_flbh!ffiff)V&!)P= *,&d -fl2 fiff)?O Ofiffffifled >_&xff).fl*,Ffl*( Ofi&.B~ff)L 
 Ofi*( !K OBS-,(*fi ffffi%<W,2Ifl*,H\ *,BSH\ dPL(<*,fl%<S(<'&i°&@cJfi&.*fi !r&.!)BUfl2(<&{8N-,ffffi%=F*fiff)fl*.X
Q<ffffi-d Sffffi'.!ffi'B&Q  `(fl"kffffi. !Wffffi'2Ifl*,"+ `(ffffiflUz-fi|<$ -hfi<&xBff)-,(*,ffffi_b(ffffifl>fl2K%*,&P>"$ O;M
(&*.z'fl*x&@cbF&.*,{VWflH{!)&.B%&]*fi&.% *fiBff)%>!)ffffiV&!)P$ *,&d -xflO2 O(ffA?O O(ff)fl+ff)s*fi&-fiFfl-fi&RfiflS 
&@cbF&.*fiff)"$&DdXfl*,fi<UzU(<'&k8N-,ffffi%"kflbB&!^flm(<&k_ffffi *,Pm O(ffA?O O(ff)flEffffiB'ffffid `(fl*,-q< -
-fi_'-,| OWfiff[ !)!)P7ffffi"kF*fifl?&Bp&B%&kF*fi&-fi&*,?O O(ff)flm2Ifl*q-fiF `(ff[ O!^-fi"kflbflfi<ffffi'%/fl2Q @(ffA? `(ffffifl
F*fifl_ _ff)!ffiff)fiffffi&-#ff)fl"kF *fiff)-fifl$(flk FF*,flD |<&-Q(< O{ff)B&iF*fifl_ _ffffi!)ff)fiffffi&.-ffffi'Bffffi*,&.fi!)P
 O23(&*y-,F Ofiff[ !T-fi"kflJfl(<ff)%kfl2 fiff)?O Ofiffffifl "kF!ffiffA(B'&.-.XT -;dz(<&e"$&@(<flJBGF*,fl?&.-y(fl
_&Sfl"$F''| Ofiffffifl !ffi!AP/?&.*;Pm&k.ff)&.D~ BE2 -,.zF*fifl?JffffiB'ffffi%s2I!)!hF*,flb&.-fi-,ffffi%fl2#-fi!)ffffi.&-
ffffijB'&.*9 k"kffffiW'fi&Rfln&Wfiffffi" 8fi8fi8#_ -,&.Bn\-X
Q<&sF OF&*~ffffi-=fl*,%D ff)³.&.Bf -e2Ifl!ffi!ffiflH{-X8Nf-fi&.@(ff)fl§H#&sfl'fi!ffiff)&Sfl*>\ P&.-,ff[ u OFbM
F*fifl |<pff)pB'&| Offffi!X8NpF *,fiffffi.'![ *zH\&kBff)-fi.'-fi-=*fi&.%*fi&.-,-fiff)flp"kflJB&.!)ffffi%sflO2\25476{8]B `| 
 B<flH -,F O(ffffi !x dP&.-fiffffi j? O*fiff[ O_!ffi&y-fi&.!)&.@(ffffifln. j_&= FF'!ffiffffi&Bs(flS-fi'|<7*fi&%*fi&-fi-,ffffifl
"$flJB&!ffi-x(flSfl_b| ff)Ffl-;(&.*,ffffifl*x fiff)?O O(ff)flj Bn "kF!ffiffA(B'&R"+ OF-.Xp&= !ffi-,flS<ffffi%<'!ffiffffi%<W
<flH&@cbF&.*;xF*,ffffifl*^VWflH{!ffi&B%&yfl*  Ofifl"$ff)d !'ffffi'2Ifl*,"+ `(ffffifl>d $-fi&B+(fleffffi'2Ifl*fi" fi<&
"+ OF-.XK8NG-,&.fiffffiflkH#&>B&."kfl-;(*fi O(&i(<&=2I&d Ofi*fi&-]fl2(<&e"$&@(<flJBG 'BGffffi"kF*fifl?&.B
-fi&-fiffA(ff)?JffANP>fl2(<&{*,&.-fi'!)(ff)%i  O!)PJ-fiff)-^_WPL FF!APbff)%R(<'&9*,&.-,!)fi-h(fliB O( q2I*,fl"  q-,ffffi"LM

F!ffi&{?Jffffi-, !&@cbF&*fiff)"$&W.Xb8N+-fi&.@(ff)fls±eH#&Rfl.!)B&9(<&RF F&*H{ffA(</ =Bffffi-,.-,-fiff)flsfl2
fl*]x dP&.-,ff[ 7"$&@(<flJBGffffin*fi&![ Ofiffffiflj(fl/ O!)(&*fi `(ff)?&e"k&fi<flJB-yflO2  !APb-,ffffi-{2Ifl*y254n698
B O( Lfi< Oy *,&q.*,*fi&.Dyffffi/(<'&=!)ff)fi&.*( `(*,&X
  DT

{
	|
J@ff	fiffiflfl! "$#%Dv
&'&()+*-,
¤/.
0,21121,4365jB&flfi&s(<&476 -fiff)% !(ffffi"k&k-fi&.*,ffffi&-S O>?fldcb&.!$7,z2Ifl*%7
.
0,21211,8gX^Y]!ffi!\*fi&.%*fi&.-,-fiff)fl_ O-fi&.B FF*,flD |<&-+ O-fi-fi'"$&n  BBffA(ff)?&/"$flJB&!Qfl2yfi<&
2Ifl*fi"
()+*
.:9
)+*<;>=)?*@;BA)?*-, 7
.
0,21121C,!8pŁ
¤D.
0,212121C,43E,
H{<&.*,&&
9
)+*ffi,
¤%.
0,21211C,4365jff)-~ 7_ -fi&!ffiffffi'&$(*,&.B1 O~?flcb&!F74,&G=H)+*ffi,
¤%.
0,21121,4365/ff)-
(<&+ fiff)?O OfiffffiflmF*,flr!ffi&$ BI&HA)+*ffi,
¤J.
0,12121,4365/ffffi-i(<&k"k&d -,*fi&"$&W~flff)-fi&XLK *¡M
ffffifl'-="kflJB&.!)-=B'ff)¥&.*iffffim(<&SH\ Pmfi<&.-,&$(<'*fi&.&$.fl"kFfl&.Dfi-~ *,&$-,F&.ffAr&.Bf Bf<'fl	H
-fiF `(ff[ O!fl*fi*,&.![ `(ffffifl7ffffi-9| VO&.Eff)Wfifl/ .flD.X \flD?&D(ffffifl !hF O*( "k&fi*fiffffii?fldcb&.! MvH{ff)-fi&
*fi&%*fi&-fi-fiff)fl> O !)PJ-,ffffi-.z.-fi|<L O-fi< Offffi=*fiff)-,(flj@UA '0;d¢¢D£:z -fi-,"k&.-h {!ffiff)&d O*U"$flJB&!
(G)+*
.:MON
*QP
)R;TS)?*QU<)<;BA)+*ff1 0¡	:
Q<&E_ -,&.!)ffffi&7fi*fi&B
9
)?*
.VM
N
*WP
)qffffi-s'-fi !)!)P"$flJB&!ffi&.B -j 1!ffiff)&d *$.fl"~_ffffi `(ffffifl
fl2i E2I&H -,ffffi"kF!ffi&/_ O-fiffffi-S2I@(ff)fl-
M
*¡z-,|< -k(<&!ffiflH#&.*S2I*fi&}J'&.@Pfi&.*fi"k-kfl2i 
fl*fiff)&.*#&@cbF -,ffffifl/fl*xFffffi&.&@H{ffffi-fi&qflD(ff)J'fl-xFfl!)PJfl"$ffffi !ffi-zH{ff)(</flb& k.ffffi&D(-
P
)
.
0
P
)YXZ,21121,
P
)+[x:
N
XhQ<&n fiff)?O O(ff)fluF*,flr!ffi&OzD=)?*
.
S)+*QU<)vz^ff)-LB&r'&.B O->(<&jF*,flbB'
fl2e 1-fi. ![ *s fiff)?O O(ff)fl&@¥&jfl*7  "kF!ffiffA(B'&\U<)qH{ff)(<t ffi*( '-,2Ifl*,"$&B-;(ff)">!ffi'-
&S)+*ffi,
¤].
0,21121,4365WXbQ<ffffi-{ffffi-x SB'&.![ dP&.BG OBj.flD(ff)Wfl-,!)P/"kflbB'ff)r&Bs?&.*,-fiff)fljfl2fi<&
fl*fiff)%ffffi !_ff) *;Pq? O!ffi&Bk°_fldcbd O*.`-,(ff)">!)-]&H^@*ffi,
¤D.
0,21211,4365WXQ<&(*( O-,2Ifl*,"+ `(ffffifl
ffffi-e"$flfiff)?O Ofi&.Bf_DPp(<&+2 O~fi< OL_'!ffiflJflbBpflcJPJ%& O(ff)fl1ff)->B&.!ffi dP&.Bu_DP1 7-fi<fl*,>fiffffi"k&
![ %`_0)q B< -s f-,"$flJflfi<ff)"$flJB !QBff)-,fi*fiffffi_''(ff)flfl?&*+(ff)"$&Oz*( Ofi<&.*+fi< fi<&
Bffffi-;(*,ffffi_'fiffffifl/flO2fi<&ifl*fiff)%ffffi O!_fldc'. *{D(*fi -,2Ifl*fi"k&.B-,(ff)">!)-.X
Q<&(*( O-,2Ifl*,"+ `(ffffiflRffffi-fl23fi&.=B&.-,.*,ffffi_&.B=_WP= QflD?fl!)'(ff)flqH{ff)(<= QB&-fiffANPq2Ififfffiflz
-fi|<7 -9 Sflff)-fi-fiflnfl*Q% "$"$ >B&-fiffANP"aT0cbY,d@)3:@z-,flkfi< O
S)+*
.
*feffgffih
i
j
k<l
aT0
m0,Zd<)I:ffi^@*feffgffihe
j
1 05:
wy&*fi&zfi<&S![ %-n&_oXZ,12121,!_ffpF5s Bm(<&L(*fi -;2Ifl*fi"$ O(ff)flEF *fi "k&(&*fi-/&GdqXZ,212121C,ZdrpE5
 *fi&i-, !)!)P$&.-,fiffffi"$ O(&Bjffffi LF*fi&MNF*,flb&.-fi-,ffffi%k-,fi&.FUX
±
](<&*i FF*,flD |<&-=H{<ff)|<mffffifl*fiFfl*( `(&>&-,(ff)"+ `(ffffiflGfl2(<&Lfi*( -;2Ifl*fi"$ OfiffffiflGflO2fi<&
-,fiffffi">!)-©,flffffiDfi!)P>H{ffA(<S(<&9*fi&%*fi&-fi-fiff)fls"kflbB'&.!< d?&] !ffi-,fle_&.&sF*,flFfl-fi&.B S-fi&&q¦
fl-fi-,!
@#A 0bd_K:@Xb8Nj BBffA(ff)flUzJ"$fl*,&y&cbffffi_!)&RflF *( "k&fi*fiff)yr,(ffffi'%>fl2T(<&]_ -fi&!ffiff)&
(*,&.B-
9
)?* OB+(ff)"$&Mv?O *;Pbff)%e fiff)?O O(ff)fl$ "$F'!ffiff)fiB&-#. j !ffi-,fl>_&]F&.*,2Ifl*fi"k&.B+H{ffA(<
 BBffA(ffA?&x*,&.%*,&.-fi-,ffffiflS"kflbB'&.!ffi-Ł-,&.&y¦i&fl?&-fi&~0D: 'B+¦
fl-,-fi!@A K0D:@X t<ffffi!)&
(<&-fi&+ FF*,flD |<&-~F*,fl	?Jff)B&+ j"kfl*fi&S.fl"$F!)&fi&k-;| Ofiffffi-;(ffffi. !h-,fl!ffi'fiffffiflEfifln(<'&$"kflbB'&.!AM
ffffi%EflO2y25476{8=B O| bz(<&@P§ *,&/flS&.&.-,-( *,ffffi!APu-fiflg O,(*( O(ffA?&sfiflmfi<&/F*fi fiff)(ff)fl&*
2Ifl*yNH#fl/*fi&. -fifl-.Xffffi*,-,dzffffi'.*fi&. -fi&BE"$flJB&!&cbffffi_ff)!ffiff)NPsffffi7fi<&.-,&S *fi&. -]BflJ&.-]flq OFbM
F&. *#fifl>-fi'_-,( D(ff[ O!ffi!)PSff)"$F'*fifl?&y&."kFffffi*,ffffid O!&-,fiffffi"$ O(&-\fl2T O(ffA?O O(ff)fl+"$ F-Xlb&.fl'BUz
(<&/F'*fifl"kF'>F'*fiflJ.&.-,-fiff)%mfl2{&d |<u25476{8e .}Wff)-fiff)fiffffiflpffffi->ff)"$Ffl*;| D=2Ifl*>Bffffi %fl-;(ff)
F*,Ffl-,&.-XQ<&.*,&kff)-q s(*fi B&@Mvfl¥1_&NH#&.&p"kflJB&.!hfl"kF!ffi&c'ffANPG OBE.fl"kF'( O(ff)fl !
2I&d -,ffffi_ff)!ffiffANPz# BffffiD(*,flbB'.ffffi'%§&@cbffffi_ff)!ffiffANPff)tfi<&.-,&f O*fi&d O--,_-;| D(ffffi !ffi!APff).*,&d -,&.-
F*fiflJ.&-fi-,ffffi%j(ff)"$&OXUQ<&.*,&2Ifl*,&zH#&$-,&kfi<&kF *( O"$&@(*fiff)>*fi&%*fi&-fi-,ffffiflp"$flJB&.!Q0;	:q -= 
_ -,ffffixff)%*fi&Bffffi&Dhfl2Kfl'*h-fiF `(ff[ O!'x dP&.-fiffffi >?O *fiffffi _!)&\-fi&!ffi&(ff)flL 'BL"$flJB&.!b d?&*( %ff)%
 FF*,flD |<UzK OBH#fl*,V+H{ff)fi<F'*fi&@MvF*fiflJ.&-fi-,&.B7fi*( -;2Ifl*fi"k&.Bj-;(ffffi"~!ffiff5X

 yW
	`.ffi @ffi@ 

R&r'ffffi%L(<'&=?&.fifl*fi-O(G)
.
0Q(G)YX!,212121C,!(G):
N
zrS)
.
0 S) X,212121,S)U:
N
z<AH)
.
0QA)YXZ,21121,4A):
N
fl225476{8y-,ffffi% O!ffi-.zK(*fi -;2Ifl*fi"k&.Bm-,fiffffi">'!ffiffz 'BE&.*fi*,fl*fi-i `q?fldcb&.!7fiz*fi&.-,F&fiff)?&!)PzT B
(<&SB&-fiff)%f"$ O(*,ffAc
.
0
M
X,21121C,
M
:
N
2Ifl*R(<'&$_ O-fi&.!)ffffi&>fi*fi&BUzT"$flJB&!{0;	:]H{ffA(<
(ff)"$&MN.fl-,( D9 fiff)?O O(ff)fl/ "kF!)ff)('B&Rffffi-Q%ff)?&n_DP
(G)
.

P
)R;TS)U<)R;BA) , A) 810o,
)
:Z1 0 D:
f&iB&@r&= L-fiF `(ff[ O!x dP&-fiff[ On"kflbB'&.!U_DP/ff)Wfi*fiflJBffffi%L_ff) *;Psffffi'Bffffi. O(fl*#? O*fiff[ O_!ffi&-
ff
)
.
fifl
ffi
fl
aff)2T?fldcb&.! 7ffffi-{ O(ffA?O O(&B ,
 ff)2T?fldcb&.! 7ffffi-Q'fly fiff)?O O(&B ,
-fiflS(< `Q(<&= @(ff)?O Ofiffffiflj O"$F!)ff)fiB&
U<)! 
.
ffA¥
ff
)
.
\,
U<)
.
ffA¥
ff
)
.
E1
Q<&$?&.@(fl*efl2Q_ff) *,PGffffiBff)d Ofifl*fi-
ff
.
0
ff
X!,212121C,
ff
p\:
N
fi<&.f*fi&.F'*fi&.-,&.D(-> 1 @(ffA? 	M
(ff)flf-,*,2 &zTH{<ffffi!)& U
.
0QUqX,212121C,!Urp\:
N
ff)-> j?&.@(fl*~fl2Q.fl*fi*fi&-fiFflBff)%E @(ffA? `(ffffifl
 "kF!ffiffA(B&-.X p&kF*fiflJ.&-fi-=&d |<p-fi!ffiff).&Sfl2x g254n698y-fid Of-fi&F *fi O(&!)PzT-,flfi< Oi(<&-fi&
?&(fl*fi-y *fi&iB&@r&.Bnfl?&.*9 S*fi&%![ O*x![ O,(ff).&X
£
lbF Ofiff[ !.fl*,*fi&![ OfiffffiflE OBg  Ofifl"$ff)d !fl*R&cbF&*,=F*fiff)fl*Rff)'2Ifl*fi"$ Ofiffffiflffffi-Rff)D(*fiflJB&.B
(<*,fl%<7 78N-,ffffi%$F*fiff)fl*Q2Ifl*{(<&e fiff)?O Ofiffffifl/?&fifl*
ff
XK8N-fiffffi'%+F*,ffffifl*,-y O*fi&=.fl"k"$fl!)P
-fi&B O-S m47 *fiVOfl?u*( 'Bfl" r&.!ffiB05476yh:eF*fiff)fl*>ff)uffffi"$ %&s O !)PJ-,ffffi-~H{ffA(<u_ff) *,P
?O !ffi&BGFff c'&!ffi-z-fi'|<p O-q  !APJ-fiffffi-yfl2_!ffi |V7 OBGH{<ff)fi&>ffffi"$ %&-.ŁK-fi&&Swyff)%Bfl§0¡¢¢:
 BglJH#&.'B-fi&f 'B1 '%m0;¢ :y OBG*fi&@2I&.*,&.&.-q(<&*fi&ffffiG2Ifl*y&@c' "kF!ffi&-.XQ<ffffi-Rff)-
fl2qF O*,(ff).!ffi *k B'?O D| O%&nff)25476{8L  !)PJ-fiff)-$_&.. -,&Gff)$ !)!ffiflH{-Sfl&nfiflfff).fl*,Ffl`M
*( Ofi&]-,F O(ffffi !.fl*,*fi&.!ffi O(ff)flkBffffi*,&.fi!)PSfl$(<&RF'*fifl_ O_ffffi!)ff)(ff)&.-^fl2 O(ffA?O O(ff)flUXD8N/ B'Bff)fiffffiflUz
  Ofifl"kffffid O!fl*y&cbF&*,qF*,ffffifl*9ffffib2Ifl*fi"$ O(ff)fl/flE O(ffA?O O(ff)flnflO2h?fldcb&.!)-R"+ dP_&~ffffi'.fl*¡M
Ffl*( Ofi&.B/(<*,fl%<j(<'&S°&@cJfi&.*fi !r&.!)BUfl2(<&i8N-,ffffi%kF*fiff)fl*.X
Q<&=F*fiff)fl*xffffi-QB'&r&BG -
­0
ff
: Z&@cbF
fi
ffi

p
i
)
k
X

)
ff
)R;
i
)
M
)	

0
ff
)
.
ff
.:

 

, 0I±W:
H{<&.*,&

0R:
.
xff)2ffffi-(*,&zO B

0q:
.
]ffA2ff)-2 !)-fi&OX`Q<'&x-fi"
p
)
k
X

)
ff
)ff)-fi<&
&@cJ(&*fi O!hr&.!)BUzH{<ff)!ffi&~fi<&>ff)Wfi&.*fi fiffffiflGfi&.*fi"

)
M
)	

0
ff
)
.
ff
@:y"kflbB'&.!ffi-y-fiF `(ff[ O!
.fl*,*fi&![ OfiffffiflUX	Q<&Q-,"fl?&.*7 =ff)-hfl( O(ff)fl~2Ifl*-fi"k"$ O(ff)fl~fl?&* !ffi!J&ffffi%<W_fl*fiff)%
?fldcb&.!)-.zH{<ff)!ffi&+fi<&
M
)	k *,&/F*fi&MN-fiF&.ff)r&B§.fl-;| Dfi->(< O~H\&ffffi%<D>fi<&/ffffiD(&*( @(ff)fl
_&@NH\&&.G'&.ffffi%<J_fl*,ffffi%L!)flb. O(ff)fl-F7 B+fl/fi<&e!ffi Ofififfffi&Xw9&.*,&z(<&i&ffffi%<W_fl*fi<'flbflJB
fl2 7hff)-\B&@r&.Bsfifl>.flW( ffffi$(<&RB'ffffi*fi&fi!)P$ B`©fi &.Dx?&.*,fiffffi. !U 'Bs<fl*,ffffi³.flW( !K?fldcb&.!ffi-
H{ff)fi<kH#&.ff)%<D(-
M
)	
.
zW B$fi<&{Bffffi*,&.@(!)PL B`©fi &.D\B'ff[ %fl !'?flcb&!ffi-eH{ff)fi<kH#&.ff)%<D(-
M
)	
.
ffflfi JX'Q<&qF O*( "k&fi&.*ffie.flD(*,fl!ffi-#(<&q O"$fl'W\fl2-fiF `(ff[ O!-,"$flJfl(<'ffffi%zDH{ffA(<
(<&m&!ffi&."k&.Dfi-flO2
ff
_&ffffi%§ffffi'B&.F&.B'&.D7ffA2
.
bX! yflfi&E(< O/H{<'ffffi!ffi&Gfi<ffffi-/F'*fiffffifl*
Bffffi*,&.@(!)PGffffiD(*,flbB'.&.-=-fiF O(ffffi !^-fi"kflbflO(<ff)%s2Ifl*q(<&k_ff) *,PE fiff)?O O(ff)flEffffi'Bffffi. O(fl*,-.zffA
 !ffi-,flSffffiBff)*fi&(!AP+ff)D(*fiflJB&.-{-fiF O(ffffi !U-fi"kflJfl(<ff)%>2Ifl*xfi<&= fiff)?O O(ff)fl/ "kF!)ff)('B&.-X
fl~.fl"kF!ffi&@(&9(<&q\ P&.-,ff[ /"kflbB'&.!zWF*,ffffifl*,-x *,&]*,&.}Wffffi*,&.Bs2Ifl*\ !ffi!fi<&R*fi&"+ Offffiff)%eF `M
*( "k&fi&.*,-ffffiq(<&"kflbB'&.!X#"K*,fl"fi<&^B&@rff)fiffffiflifl2J(<'&^ffffiBff)d Ofifl*fi-z2U<)
.
%$
ff
)
.
9 B
 ~F*,ffffifl*ffffi-#fl!)Pk*,&.}Wffffi*,&.Bs2Ifl*(<&y.fl'Bff)fiffffifl O!B'ffffi-,fi*fiff)_'(ff)fl+flO2 U<)&$
ff
)
.
Xfl!)!ffiflH{ffffi%
&@cJ(&-fiffA?&>B'ffffi-fi-fi-,ffffifl7ffffinfi<&~-;| Ofiffffi-;(ffffi. !!ffiffA(&*( Ofi*fi&$0-,&.&SlJ"$ffA(<n B('qfl<'§0;¢¢²D:@z
¦i&fl*fi%&i Bn4n \'!ffi!ffiflJ|<p0;¢¢:\ 'B*,&2I&*fi&.'.&.-{(<'&.*fi&ffffiK:x >F'*fiflF&.*QF*,ffffifl*\">-,{_&
 -fi-,ffffi%'&.BL(flRfi<&{flbMv³.&.*,flq.flJ&k.ff)&.D(-^fifl='B&.*;| VO&Q? O*fiff[ O_!ffi&#-fi&.!)&.@(ffffiflS BS"$flJB&!
 d?&.*fi %ff)%Xfl!ffi!)fl	H{ff)%)'qfl<§@QA h05':@z'H#&~B&@r&~ $F*,flF&*yflBffA(ff)fl !UF'*fiffffifl*
_DPj-fi&,(ff)%
­0WU<)*$
ff
)
.
0,
P
)
,
)
,!()3: ­0Q(G)*$ U<) ,
ff
)
.
0,
P
) , 
)
:
X,+ 
1 05£:
Q<&iF*fiff)fl*\ff)g0£:ffffi-Q ~2I*fi fiffffifl O!flBffA(ffffifl !F*fiff)fl*.zJH{<ffffi|<j-,&.-9 ~2I*( @(ff)flG-3fl2
(<&yB O( =(fle%ff)?&R =F*fiflF&.*F*,ffffifl*# B$ffffi-ffffib2Ifl*fi"$ O(ffA?&{*fi&![ Ofiff)?&9fifle(<'&]!ffiff)V&!ffiffffi<'flbflJBUX
²
fl*](<'&L*fi&."$ ff)ffffi%+F *( O"$&@(&.*,-
P
)
.
0
P
)YXZ,21211,
P
)+[\:R B 

X
,12121, 

p
H\&k -,-fi"k&
-,( B *,Bnff)B&F&B&.DyflbMvffffi'2Ifl*fi"$ O(ffA?&]F'*fiffffifl*fi-.z'-fiflS(< O
­0
P
X,21211C,
P
pE, 
X
,21121, 
p
:  
p

)
k
X
-  
)
1
# 

, ff	$ffi/ fi


62fl2ZkW

flnffffifl*fiFfl*fi O(&k  `(fl"kffffi. !hF*,ffffifl*iffffib2Ifl*fi"$ O(ff)flUzB&r'&s n%*fi&Pm"$ O,(&.*iff)Bffffi. O(fl*

)
.
SffA2?fldc'&!D79ff)-R%*,&PE"$ Ofifi&.*z B

)
.
jflO(<&*,H{ffffi-,&zUH{ffA(</­0

)
.
	:R -Rfi<&
%*fi&@P="+ O,(&*F*,ffffifl*Tfl_b| ff)&.B=2I*fifl"-fi&%"k&.D| OfiffffiflX`Yy-fi-,"$&\ !ffi-,flyfi< O(<&#%*fi&@Pe"$ O;M
(&*RffffiB'ffffid `(fl*,-R *,&S +F*fiff)fl*fiffffffiB'&.F&.B&D= .*,fl-fi-R?flcb&!ffi-.z-fifl/(< `x­0

XZ,21121C,

p#:
.

p
)
k
X
­0

)3:@X^Q<&ffALffffi-SVWflH{fi< Oq­0
ff
)
.
 $

)
.
D:
.
g_&.. -,&7 @(ffA? `(ffffifl
d 'fl=flb.*iflb(-fiff)B&S%*fi&@PE"$ Ofifi&.*.zU Bm(< O{­0
ff
)
.
 $

)
.
:
. 9
zUH{<&*fi&S2Ifl*
(<&L?Jffffi-, !^&c'F&.*,ffffi"k&.D=ffffimfl*q&"$F'ffffi*fiff)d ! FF!)ffffi. O(ff)fl7H#&+ -,-fi"k&
9 .
o1AX  yflfi&
(< `efi<ffffi-iffffi-= *fi&d O-fifl O_!ffi&$ -fi-,"kF'(ff)flUz_&.d O-fi&$ff)=ffffi-iVWflH{u nF'*fiffffifl*fiffh(< O=fl!)P
r?&Rfifl>(&/F&*fi.&D{fl2T%*fi&@Ps"$ Ofifi&.*#ffffi-\!)ffffiVO&.!)PSfifl>_&R fiff)?O O(&Bs_DP+fi<ffffi-#&@cbF&*fiff)"$&W.X
Q<&.
­0
ff
)
.
	:
.
­~0
ff
)
.
 $

)
.
	:I­0

)
.
	:
.
­T0

)
.
	:
9 .
) 1
f&q"$ Ofi|<jfi<&i"+ O*fi%ff) !KF*fiff)fl*xF*,fl_ _'ffffi!ffiffA(ff)&.-

)fiflSfi<&q&@cJfi&.*fi !Ur&.!)Bjfl2fi<&q8N-fiff)%
F*fiff)fl*#H{<'&.j(<&*fi&qffffi-#flL-fiF O(ffffi !fl*fi*,&.![ `(ffffiflUzW-fiflL(< ` 
.
'Xb8Njfi<ffffi-\d -,&R(<&#©,flff)D
B&.'-fiff)NPjff)-h­0
ff
:  Z&c'F &

)

)
ff
) 5Wz'H{ff)fi<j"+ *,%ffffi !ffi-
­T0
ff
)
.
	:
.
&cbF0

)3:&0I&@cbF0

)I:L;t	:
.
)G2Ifl*$7
.
0,12121,!8 1
Q<&.*,&2Ifl*,&zQ-,fl!)?Jffffi'%12Ifl*

)vzQ   Ofifl"kffffid O!ffi!)P1ffffi'2Ifl*,"$&B8N-fiff)%uF*fiff)fl*sff)-/%ff)?&.t_DP
&.}W Ofiffffiflp0I±W:\H{ff)(<

)
.
!ffifl%0

)0¡

)I:,:@X
	EH@¡Z
 #2fld( |
x dP&-fiff[ O$"kflbB'&.!'&-,fiffffi"$ O(ff)fl> 'Bkff)'2I&.*,&.&{ffffi-h_ O-fi&.BkflLFfl-,fi&.*,ffffifl*h}W OWfiff)fiffffi&.-Ł(< O
ffffi-zffffi'2I&*fi&.'.&=.flB'ff)(ff)fl !flfi<&=B O| (/.fl!ffi!ffi&fi&.BUX8N(<&id O-fi&~flO225476{8x  !)PJ-fiff)-
(<&$}W D(ffA(ffffi&-ifl2Qffffi"k"k&.Bffffi O(&>ff)D(&.*,&.-;L *,&kfi<&$"$ *,%ffffi O!hFfl-,(&*fiff)fl*iF*fifl_ _ffffi!)ff)fiffffi&.-
fl2 O(ffA?O O(ff)flR­0
ff
)
.
 $ (': Bk"+ O*fi%ff) !Ffl-,fi&.*,ffffifl*^&c'F&.@| Ofiffffifl'-flO2(<'&] @(ffA? `(ffffifl
 "kF!ffiffA(B&-
s0WU<)&$ (':R2Ifl*~ !)!^(<&k?fldcb&.!ffi- 7
.
0,ff,212121,8 ff)1 -fid OUX \!)fl-fi&Bf2Ifl*fi"
d !).!ffi O(ff)flgfl2x(<'&.-fi&+}J D(ff)fiffffi&-~ffffi-=fl~Ffl-fi-fiff)_!ffi&k_&.d O-fi&/ffA~ff)W?fl!)?&.-e<ffffi%<ffl*fiB&*
ffffiD(&%*( `(ffffiflfl'+fl2iWffffi-fi &EF *( O"$&@(&.*,-.X#wyflH#&?&*.zQffA2i §4nflD(& x *fi!)fl1-( "kF!)&
&
ff
X
,
ff


,21121,
ff 

51ffffi- d?O ffffi!ffi _!)&n2I*fifl" (<&+©,flff)WFfl-,fi&.*,ffffifl*/Bff)-,fi*fiffffi_''(ff)flu­0
ff
$ (':@z
(<&nffA{ffffi-QFfl-fi-,ffffi_!)&R(flS&.-;(ff)"+ Ofi&R(<&-fi&iNH\flkFfl-,fi&.*fiff)fl*Q}W D(ffA(ff)&.-{ -

­0
ff
)
.
 $ (':
. 
­0
ff
)
.
 $
ff

k
)
,!(':I­T0
ff

k
) $ (:c_
ff

k
)



i

k
X
­0
ff
)
.
 $
ff




k
)
,4(:q,

s0QU<) $ (':
.

s0WU<)&$
ff
)
.
0,4(G)I:3­0
ff
)
.
 $ (':	 
+0WU<)&$
ff
)
.
0,!()3:




i

k
X
­0
ff
)
.
 $
ff




k
)
,4(: 1
Q<&.-,&9 *fi&94nflWfi& x *fi!)flq"$ff cJ(*,&x&.-;(ffffi"$ Ofi&.-^ 'B$ O*fi&xff)L.fl"k"$fl>-( O%&{ffffi>fl"$F'bM
| Ofiffffifl !T-,| `(ffffi-;(ff).-  /-fi&&> O&.*L0;¢¢²D:{FX£bX p&~!ffi _&!fi<&eNH#fl/&.-;(ff)"+ Ofi&.-9H{<&.
d !).!ffi O(&Bf2Ifl*=(<&fi8 ?fldcb&.!ffi-LflO29 f25476{8i-fi!ffiff).&+ -L   @(ff)?O Ofiffffiflp"+ OFU OB§ 
 O"$F!)ff)fiB&R"$ FUAz*fi&-fiF&.@(ff)?&.!APX
flfl_'| Offffifi<&u4flD(& x *,!ffifl-( "kF!ffi&OzQH\&1'-fi&u 4n *fiVOfl	?|< ff)4nflDfi& x *fi!)fl
04Q4	Q:+-( "kF!ffiff)%g-fi|<&"$&OX{lb|<t-( O"$F!)ffffi%p-fi|<&"$&-/< d?&E_&.fl"$&(<&7"$fl-;
H{ffffiB&!)P$-fi&Bnfl"kF'| `(ffffifl ! FF*,flD |<jffffi/"kflbB'&.*fi/-;| Ofiffffi-;(ffffi-.X4Q4fi&.|<ff)}W&.-
 *fi&#_ -,&.B>fl~*fi&.F&d `(&.B~-( "kF!ffiff)%Q2I*fifl" flBffA(ff)fl !DFfl-,fi&.*,ffffifl*Bffffi-;(*,ffffi_'fiffffifl'-.zB&@rbM
ffffi%~ S47 *,Vfl?+|< ffffisH{ffA(<+fi<&]| O*fi%&@xBff)-,(*,ffffi_b(ffffifl+ -\ff)(-#-,( O(ff)fl *;PSBffffi-;(*fiff)_'fiffffiflUŁ
-fi&&j¦= O"$&*fi"$ 0¡¢¢:= 'Bf*fi&@2I&.*,&.&.->(<'&.*fi&ffffif2Ifl*~ fffffiD(*,flbB'(ff)flpfiflE4Q4	
-fi|<&"$&-.X f&#fl'(!)ffffi& {?&.*;P~& k.ffffi&D^ B=2 -,^4Q41-( O"$F!)ffffi%{ff)=fi<&\YyFF&Bff c
Y~X bzH{<ff)|<nF*,flbB'.&-{fi<&i*fi&}J'ffffi*fi&B7-fi "$F'!ffi&]2I*,fl" (<'&i( *fi%&{Bff)-,(*,ffffi_b(ffffifl~­0
ff
$ (:X
flpd !)ffffi_*fi O(&/fi<&G @(ffA? `(ffffifl"$ F-SH{ff)fi<"$ F-S2I*fifl" fi<&n2I*,&.}W&.Dfiffffi-,s FF*,flD |<
2IflBiff)=l'4pzdH\&h2Ifl!ffi!ffiflHg69 O23(&*,PL0;¢¢²D: BiflO(&h(< O ]^!)fl%y0,0¡ G­0
ff
)
.
 $ (:,:&@­T0
ff
)
.
 $ (':fi:
ffffi-iflg(<&k-( "k&S-fi. !ffi&$ -= n!)ffffiV&!ffiff)<flbflJBG*fi O(ff)fl-;| Ofiffffi-;(ffffik 'Bpff)-e OFF*fifldcbffffi"$ Ofi&.!)P7Bffffi-¡M
(*,ffffi_'fi&.B

0;	:XJY§­'M? O!ffi&{fl2TbX D£q%ffA?&.-# e*fiffA(ffffi. !?O !ffi'&9flO2 'X ±zD-,fle(< O\-,fl!)?Jff)%
2Ifl*(<&9Ffl-,(&*fiff)fl*#F'*fifl_ O_ffffi!)ff)NP]­T0
ff
)
.
 $ (:
.
o1 i O#fi<ffffi-*fiff)fiffffi. !?O !ffi&OXWQ<&.*,&@M
2Ifl*fi&Oz' ex dP&-fiff[ Os.!ffi -fi-,ff)r. O(ff)fl$*,!ffi&yd !)ffffi_*fi O(&Bkfiflefi<&y2I*,&.}W&.Dfiffffi-,­'Mv?O !)&{fl2T'X°D£
ffffi-sfiflu.![ O-fi-fiffA23P !)!9?fldc'&!ffi-jH{ff)fi<1­0
ff
)
.
 $ (': o1 1 -j fiff)?&zQ 'Bff) @(ff)?&
fl(<'&.*,H{ff)-fi&OX
e
476 B O| fH#&.*,&m .}Wff)*fi&.Bflt 1.!ffiff)ffffi. !iX £ -,d '&.*p0¦ 4n&.B'ffffid O!ilJPJ-,fi&."k-|:
2I*fifl" r?&=<&d O!)(<DP/"$ !)&]?fl!)D(&&.*fi-~05 O%&eb   ~P&d *,-|:@Xfl*Q&. |<7-,_J©,&.@R L2IM
(ff)fl !`(ffffi"k&h-,&.*fiff)&.-THx O-fl_'| ff)&.Bq2Ifl*T x?Jffffi-, !D-;(ffffi"~!ffi-F *( OBffffi%" 0 ^w9³# O!)(&*fi `(ffffi'%
_![ O|V> BLH{<ffA(&x|<'&.|V&*fi_flD *,BK: OBk H{<fl!ffi&\_*( ff)S  Ofifl"kffffid O!bB `| R-fi&@^H\&*fi&
 .}Wff)*fi&BUX'fl*^fi<&y2I'(ff)fl !K O.}Wffffi-,ff)fiffffifl$ ^8^-fi&}W&.&RHx O-\&."kF!)fl	P&.Bk(fl~fl_bM
| ff)E k.flDfiffffi%fl-]-,!ffiffffi&.-{H{ff)fi<G{6
.
±^-z
.
²h"k-R BG +-fiF `(ff[ O!*,&.-,fl!ffi'fiffffiflfl2
bXA¢#bX)d¢\£"k".XUQ<&SF O*( Bff)%" .fl-,ffffi-;(&.Bmfl2\ Efl Jfl¥u_!)flb|VB&-fiffffi%mH{ffA(<g¢
&.Fflb|<'->05£LflO¥z±Sfl:Q!ffi -,fiffffi%>ff)"+ %&.-x&. |<UX
Y]!)!B O| +-,&fi-]H\&*fi&>Ffl-;,MNF'*fiflJ.&.-,-fi&BE-fiff)%jl'47¢¢bXQ<&~ffffi"$ %&.-9fl2^&. |<G(ff)"$&i-,&@M
*fiff)&.-yH#&.*,&L*fi&. !ffiff)%&.B10"kfl(ff)fl.fl*,*fi&.@(&BK:R BG'fl*fi"$ !ffiff)³.&Bfifl/ $(&"$F'![ Ofi&eff)m4  y8
-,( B *,Bs-fiF .&y*fi&( ffffi'ffffi%i(<&yfl*fiff)%ffffi !-fiF O(ffffi !*fi&-fifl!)'(ff)flUXWY]@(ff)?O OfiffffiflS"$ F-H\&*fi&
d !).!ffi O(&B7fln(<&-fi&LB O( $-,&(-RH{ffA(<7 BBffA(ffffifl !T-fiF `(ff[ O!-,"$flJflfi<ffffi%k-,ffffi%jlb#4g°-

¦= O-fi-,ff[ mr&.!)Bffl*fi*,&.fiffffiflp O~ jfi<*fi&-fi<fl!ffiBfflO2Q'X°D£bX¦q*fi&Pm"$ O,(&.*iF*,ffffifl*qff)'2Ifl*,"+ `M
(ff)flC0

)3:yH\ -ifl_'( ffffi'&.BG2I*fifl"  pl'4 -fi&%"k&.D| OfiffffiflEflO2fi<&Lr*fi-;iffffi"$ %&efl2&d |<
2I@(ffffifl !UB `| L-fi&@dX
  'ffd3
flE&cbF!ffifl*,&$fi<&s&¥&.@Lfl2Qfi<&s8N-fiff)%EF*,ffffifl*e O>&}W O(ff)flt0I±W:@zH\&/ O !)PJ³&/ 7-fiff)%!)&
-fi!)ffffi.&fl2fi<&\-,d >2I*,fl"ffffiBffA?JffffiB O!DY-,ffffi%]fi<&x-,F O(ffffi !Jx dP&-fiff[ O>? O*fiff[ O_!ffi&-fi&!ffi&(ff)fl
F*fiflJ.&B*,&m0lbF Kil:qH{ff)fi<p2Ifl*=BffA¥&*fi&.De? O!ffi&-e2Ifl*i(<&$<DPbF&.*,F *fi "$&@(&*fi-.XQ<&
2Ifl*x8N-,ffffi%LF'*fiffffifl*fi-x-,&.Bn *fi&]%ff)?&.jffffi+( _!)&RY~XAXffffi%*,&.-xYeX)= 'B/Y~X LF'*fifl?JffffiB&]fi<&
4nflD(&x *fi!)flp&-,fiffffi"$ O(&-$fl2](<&"+ O*fi%ff) !xFfl-,fi&.*,ffffifl*kF*fifl_ _ff)!ffiff)fiffffi&->fl2i @(ffA? `(ffffifl
­0
ff
)
.
 $ (':~ BC.fl*,*fi&-fiFflBff)%m"+ *,%ffffi !\Ffl-,fi&.*,ffffifl*L"k&d '-kflO2yfi<& "$F'!ffiff)fiB&-

s0QU<)&$ (':@XJQ<&-fi&e *fi&R. !ffi![ `(&.B$2Ifl*Q !)!?flcb&!ffi-{ffffi+fi<&q-fi!)ffffi&q BsH{<&nF'!ffifl,(&.B/fl?&.*
(<&L!ffi Ofififfffi&z(<&@P72Ifl*," Ffl-;(&.*,ffffifl*] fiff)?O Ofiffffifl7 Bg "kF!ffiffA(B&="$ F-.z*fi&-fiF&.fiff)?&.!)PX
8NGr%*,&>Y~XAz?fldcb&.!ffi-q![ -,-fiffAr&.Bm -R fiff)?O O(&BC0Ifi< ORff)-.zH{ff)(<7&.-,fiffffi"$ O(&-Rfl2­0
ff
)
.
 $ (':  R1  :] *,&LF!ffiflOfi(&BmffffiGH{<ffA(&XQ<&k  Ofifl"$ff)d !)!)Pjff)'2Ifl*fi"k&.BE%*fi&P7"+ `fi(&*
F*fiff)fl*\ff)-\F!)flfifi&.Bsff)+(<'&q_ |VW%*fiflBjffffis%*fi&PX'8Nsr%*fi&RYeXefi<&q "kF!)ff)('B&y"$ Fsff)-
(<*,&.-,<fl!ffiB'&.BUz-,flkfi< O{fl!APs(<'&e O"$F!)ff)fiB&.-\fl2fi<&= fiff)?O Ofi&.B/?fldcb&.!)-] *,&q-fi<flH{UX

Y]x Y~XA=YRQyZw 6 

8N-fiff)%1"kflbB&!e05 D:SffffiD?fl!A?&-sflf-,F Ofiff[ !9-fi"kflbflO(<ff)%f OBflu O O(fl"$ff)d !QF*,ffffifl*kffffiJM
2Ifl*fi"$ OfiffffiflUX^Q<'&E*fi&.-,!)fiffffi%fFfl-;(&*fiffffifl*s @(ff)?O Ofiffffifl"+ OF< -s"$ DPC2 !ffi-,&@MNFfl-,ff)(ffA?&-
0I?flcb&!ffi-jffffifl*fi*,&.@(!)PffffiB'&.D(ffAr&.Bt -j O(ffA?O O(&BK:@z#ffffi!ffiBff)%f?flcb&!ffi-/ffffit O*fi&d O-sH{<ffffi|<
< d?&q!)fl	HF*,fl_ _'ffffi!ffiffANPSfl2T_&.ffffi'%>%*fi&@Ps"$ Ofifi&.*Xb8N-,ffffi%L"kflbB'&.!0_K:#ff)D?fl!A?&.-Q'fl>-fiF `(ff[ O!
-fi"kflbflO(<ff)%z_'ffffi'.fl*,Ffl*fi O(&-fi<&x O O(fl"$ff)d !)!)Pyffffi'2Ifl*,"$&Be%*fi&P="$ Ofifi&.*F*fiff)fl*2I*fifl"
 'fifl"+ `(&.BLl'4 -fi&.%"$&W( O(ff)fl>-,ffffi%]-fiffffi% !WffffiD(&-fiffANP> OB>F*,ffffifl*VJ'fl	H{!)&.B%&\2I*fifl"
(<&{(&"$F'![ Ofi&XQ<&y  `(fl"kffffi. !'F*,ffffifl*^*,&.B'.&.-(<'&92 !)-fi&MNFfl-fiffA(ff)?&.-^ff)Sfi<&9Ffl-;(&*fiffffifl*
 fiff)?O OfiffffiflG"$ FEff)m *fi&. -qfl2(<&L_'*( ff)G(< Oi< ?&S!ffiflH F*fifl_ _ffffi!)ff)NPfl2_&.ffffi'%/%*fi&@P
"+ `fi(&*2I*,fl" fi<&x-,&.%"k&.D| `(ffffifl>B O( 'XD4nfl*fi&.fl?&.*.zffffiL *,&d -fl'(-,ffffiB&#(<&x-,VW!ffi!JH{<ffffi|<
< d?&9³.&*fifl~F'*fiffffifl*^F*fifl_ _ffffi!)ff)NPefl2U_&.ff)%i%*fi&@PS"+ `fi(&*.z_flfi<kfi<&y"$ *,%ffffi O!'F*,ffffifl*90 B
(<&*fi&@2Ifl*fi&iFfl-,fi&.*fiff)fl*|:\F'*fifl_ O_ffffi!)ff)NPkfl2^ O(ffA?O O(ff)flsffffi-Q³&.*,flX
4nflJB&.!)-70I:L B0IBK:>ffffiD?fl!A?&jFfl-fiffA(ff)?&/-fiF `(ff[ O!x-fi"kflbflO(<ff)%GH{ff)fi< 
.
R1 ²'zH{<ffffi|<
(<ff)-Qfl'x"+ DP+fl2H{< O9 *fi&q!)ffffiVO&.!)PSfiflk_&qffffi'.fl*,*fi&.@(!AP+ff)B&.D(ffAr&.B @(ffA? `(&.Bs?fldc'&!ffi-
 Bj_fl!ffi-;(&.*,-{*fi&.%ffffifl-QflO2"~!)fiffffiF!)&R @(ff)?O Ofi&.B/?fldcb&.!)-.X4nflJB&.!^0BK:Q !)-fiflLffffi'.fl*,Ffl*fi O(&-
(<&k%*,&Pm"$ Ofifi&.*qF*,ffffifl*= Bm(*,ffffi"k-R(<&$ @(ff)?O OfiffffiflmF*,flr!)&LBflH{f(flj(<&kfl_-,&.*;?&.B
  Ofifl"~Pffl2]fi<&j_*( ff)UXhQ<ff)-$!ffi Ofifi&.*>"kflJB&.!Qff)->(<&fl&j*fi&.fl"k"k&.B&BC2Ifl*S  ! M
PJ-fiffffi-z9 BtH\&gflfi&mfi< Oj(<'&g"$ F-j-,%%&-,(< O/fi<&.*,&pff)-jffffiB&&.B  .fl'-,(ff)
.flOMN fiff)?O OfiffffiflLff)$*,&.-fiFfl-,&yfifle(<'&9?Jffffi-, !K&@cbF&.*,ffffi"k&.D#2Ifl*fi<ffffi-ff)Bff)?Jff)B !5XQ<ff)-#flOM
 fiff)?O Ofiffffiflkffffi-#flxff)B&.Dfiff)r&Bsffffis&ff)fi<&.*(<&RB'&2 !A{l'4   !)PJ-fiff)-#fl*\-,ffffi%>flD(ff)bM
fl-#4769GF*,ffffifl*,-^flL(<&{ "kF!)ff)('B&.-^ O-^ffffiSK <*,"$&ffffi*y@A K0:@X  y&?&.*;(<&!ffi&.-,-.z
(<&+ .fl-,fiffffi$ fiff)?O O(ff)flgBflb&-~flO> F'F&. *=fifl7_&s j2 !ffi-,&@MNFfl-,ff)(ffA?&OzUH{ff)(<g(<&+ "LM
¢
F!ffiffA(B'&~"$ FG Oyr%*,&>Y~X 0IBK:yffffiB'&.D(ffA23Pbff)%$fi<&.-,&>?fldcb&.!)-q -RFfl-fi-,&.-,-fiffffi'%s?&.*;PG<ff)%<
 "kF!ffiffA(B&-.Xfls.fl'r*fi" fi<ffffi-y  !APJ-fiffffi-z(<&e*( dH (ff)"$&i-fi&*fiff)&.-y2I*,fl" (<'&.-fi&> .fl'-,(ff)
?fldcb&.!)-9H#&.*,&e&c O"$ff)&.B Bj2Ifl'Bjfifl$B'ffffi-fiF'![ dPs-;(*fifl%S*fi&d O(ff)fl/(flL(<'&=-;(ff)">!ffi'-.X

8;¦ ]6 l/YeX)iY  ]Y~X SY]Qy w 6 

ffffi%*fi&GYeX 1-,<flH{-/(<&m @(ffA? `(ffffifl"+ OF-s*fi&-fi!A(ff)%f2I*fifl"  FF'!)PJffffi%p(<&glbF Kil
F*fiflJ.&B*,&R(flL&.ff)%<DQ.flWfiffffi%'fl-x-,!ffiffffi&.-\2I*,fl"  ~-fi. jfl2ffffiBffA?JffffiB O!yXQ<ffffi-\-fi_J©,&
Ffl-fi-fi&-fi-,&.-q S![ *,%&q?Jffffi-fi !.fl*;(&cn *fi&. 'zK B(<&*fi&=ffffi-9 k!ffi&. *9 fiff)?O O(ff)flsH{ff)fi<n!)ff),(!ffi&
&?JffffiB'&.&sfl2x2 !)-fi&MNFfl-fiffA(ff)?&.-X 9fl(&k(< `>ffffip-fi!)ffffi.&j(<&$-fi"$ !ffi!![ `(&.*fi !%&.'ffffi.'![ Ofi&
W.!)&.-x*,&.%ff)fl-\ *fi&y.!ffi&. *fi!APSffffiB&D(ff)r&.Bj -\ fiff)?O O(&OXWQ<ffffi-Q O(ffA?O O(ff)fl$ff)-\'!ffiffffiVO&.!APL(fl
_&R e2 !ffi-,&@MvFfl-,ff)fiff)?&OzW%ff)?&.s(< Ox(<'ffffi-\ff)-x ~?Jffffi-, !&@cbF&.*fiff)"$&DdXffffi%*,&]YeX°±LflD| ff)-
(<&\.fl*,*fi&.-,FflBffffi'%q"+ F'-h*fi&-fi!A(ffffi'%]2I*fifl"  Slb#4   !)PJ-fiff)-fl2Kfi<&x-( O"$&xB O| 'XOQ<&
l'4  O !)PJ-,ffffi-Q.fl*fi*fi&-fiFflB-QfiflSfi<&iB&2 O!)Q-,"$flJflfi<ffffi%S OB  FF!)ffffi&.Bjfl*fi*,&.fi&.B
(<*,&.-,<fl!ffiBuflO2^­

o1°D£bX \fl"kF *fiff)%nfi<&s*,&.-fi'!)(-zH#&/d u-,&.&sfi< O~fi< O>fi<&sB&M
(&(ff)flg-fi&.'-fiff)fiff)?Jff)NPmff)-i!ffiflH\&*.zT_&.-,~flfi&.Bfff)gfi<&k&@cJ(*fi -,fi*fiff[ `| !h?Jffffi-, !.fl*,(&cf B
(<&]!ffifl-,-\fl2T-;(*fi'('*( !B&( ffffi!)-H{ffA(<ff)s @(ff)?O Ofi&.B/ O*fi&d O-.XJ8N/F *,fiffffi![ *zWffffi$fi<&il'4
  !APJ-fiffffi-=(<&$![ Ofi&.*fi !#%&.ff).!ffi O(&kW.!)&.->ff)-~flO>ffffiB'&.D(ffAr&.Bu O-L fiff)?&zTH{<ffffi|<uff)-> 
*fi&-fi!AyflO2fi<&i-fiF Ofiff[ !fl	?&.*¡MN-fi"kflJfl(<ff)%Lfl2(<&i"k&fi<flbBjfl2*fiff)-,(flu@\A 0;¢¢£:@X

8;¦ ]6 l/YeX LY  ]Y~X®±$Y]Qy w 6 

Q<&i&.B%&@MNF'*fi&.-,&.*;?bff)%SF*fiflF&*,(ff)&.-Qfl2Tfi<&elbF Kql/"k&fi<flJBfl!ffifl%Pk*fi&.-,!){ff)j >-fiF `(ff[ O!
-fi"kflbflO(<ff)%/F*fiflJ.&B*,&kfi< O=ffffi-i"kfl*fi&L*,&.!ffiffffi _!)&>ffffigffffiB&D(ff)23PJff)%/-fi"$ !ffi!h *fi&. -ifl2Q @(ff M
?O O(ff)flUXWfl~&@c' "kffffi&9(<ff)-.zDH\&]ffffiD?&-,(ff)%D Ofi&yH{<&@(<&*.zfl*#fl.zJfi<&]"k&fi<flbB+ffffiB&Wfiff)r&-
 fiff)?O Ofiffffifl/fl2(<&=![ `(&.*fi !U%&ffffi![ `(&iW.!)&.-~05¦  R:x*fi&%ffffifl'-9ff)/(<&ir?&effffiB'ff)?JffffiBbM
 !)-.Xfl*y&. |<Effffi'Bff)?JffffiB' !zb(<&e-fi!ffiff).&i(< `]"kfl-,y.fl*fi*fi&-fiFflB-y(fl$fi<&>¦  *,&.%ff)fl
Hx O-9-,&.!)&.fi&.Bn B/(<'&q.fl*,*fi&.-,FflBffffi'%+lJF Kil/Ffl-,fi&.*fiff)fl*Q @(ffA? `(ffffifls"+ OF-xF!)flfifi&.B
ffffi+r%*fi&]Y~X £bX \!)&d *x fiff)?O O(ff)flkfl2(<&R¦  *,&.%ff)fl+H\ -QB&@(&.@(&Bj2Ifl*\ffffi'Bff)?JffffiB' !ffi-
Y  'Bs]zWH\&. V$ fiff)?O O(ff)flL2Ifl*ffffiBffA?JffffiB O!K  B$flL @(ff)?O OfiffffiflL2Ifl*ffffi'Bff)?JffffiB' !ffi- 
 B QXQ<&i.fl*,*fi&.-,FflBffffi'%+lb#4 "+ OF-QBffffiBjflO{-fi<flH DP/%&.ff).!ffi O(&i @(ffA? `(ffffifl
ffffi DP/fl2(<'&ir'?&=-fi_J©,&fi-.X

8;¦ ]6 YeX£>Y]Qy w 6 

fl*fi<&pfi<*fi&&1ffffi'Bff)?JffffiB' !ffi-/H{ffA(<flb7!ffi&d O*7 @(ffA? `(ffffiflfl2Lfi<&1¦  ezy BBffA(ff)fl !
&@cbF&.*,jF'*fiffffifl*+VWflH{!ffi&B%&GH\ -/&."kF!ffiflP&.B(fl1&< '.&E(<&E"$ FUX8Nt&d |<tfl2qfi<&
(<*,&.&1-,!ffiff).&.-G &.'*fifl*fi Bffffifl!ffifl%ff)-,f05qYq:jffffiB&Wfiff)r&B  Z d?fldcb&.!>*,&.%ff)fl
H{<ffffi|<ffffi-k!ffiff)V&.!APffiflf.flW( ffffi§(<'&G¦  =X^8Nfi<&.-,&G *,&d -S(<&nF*fiff)fl*LF*,fl_ _ff)!ffiffANP1fl2
 fiff)?O OfiffffiflUz.flBff)fiffffifl !\flufi<&/?fldcb&.!{_&ffffi%m%*,&Pu"$ O,(&.*zff)-Lffffi*fi&d O-fi&.BC-fiflm(< O
­0
ff
)
.
 $

)
.
	:
.
R1£bz2Ifl*67>Xfl*=fi<&k*fi&."$ ff)ffffi%s?fldc'&!ffi-zH#&+"$ ffffiD| Offffi&B
(<&+.flB'ff)(ff)fl !F*,ffffifl*=F*,fl_ _ff)!ffiffANPz-fiflGfi< Oy­0
ff
)
.
 $

)
.
	:
.
R1)+2Ifl* 7  >X
Q<&=8N-fiffffi'%kF'*fiffffifl*Q&."kF!ffiflP&Bnff)-x(<&*fi&@2Ifl*fi&= -{fl'fi!ffiff)&.Bjffffij*,fl	Ha0BK:\flO2| O_!ffi&qYeX)z'_'

H{<&.*,&

)
.
fifl
fl
fl
ffi
fl
fl
fl
!)fl% 
l 
	
h
k
X
X-e
l 
	
h
k
X
2Ifl*$7  
!)fl%  
l
X

	
h
k
X
X-e
l
X

	
h
k
X 
2Ifl*$7   n1
ffffi%*fi&RYeX ²>flD| ff)-x(<'&q*fi&.-,!)fiffffi%L&< '.&.Bn @(ff)?O Ofiffffifl$"+ OF-x2Ifl*xff)Bff)?Jff)B !)-\
 BQXQ<'&+  O(fl"kffffi. !ffi!APffffi'2Ifl*,"$&BmF*fiff)fl*RH{ff)fi<p&< &.Bp*fi&.%ffffifl  ffffi-iF!)flfifi&.B
ffffi/(<'&=_ |VW%*fifl'BUX  yflfi&q(< O{H{<& 
.
L(<'&=F'*fiffffifl*h­0
ff
)
.
	:to1Ai2Ifl*$7   >z
H{<ffffi!)&Q­0

)
.
	: o1 £>2Ifl* 7  >X8Nn(<&ir%*,&zKF*,ffffifl*Q?O !ffi'&.-9ffffij(<&=*( '%&~R1)

­0
ff
)
.
:

o1 £i O*fi&QF ff)D(&.BkffffiS-,< B&-flO2*,&.BUzH{<ff)!ffi&QF*,ffffifl*? O!ffi&-T­T0
ff
)
.
	:to1A
 *fi&yffffis%*fi&PJ-,d !)&XJY]-x_&2Ifl*,&zJ(<&9?fldcb&.!ffi-xH{ffA(<$"+ *,%ffffi !Ffl-,(&*fiff)fl*\F*,fl_ _'ffffi!ffiffA(ff)&.-^fl2
 fiff)?O Ofiffffiflj­0
ff
)
.
 $ (:  o1 n O*fi&sF OffffiD(&B1fl?&.*eH{ff)(<pH{<ff)fi&XY .fl"kF *,ffffi-,fl
H{ff)fi<G(<&LFfl-,fi&.*,ffffifl*q O(ffA?O O(ff)flG"$ F-Rff)Gr%*,&LY~X £/-,<flH{-q(< O]2Ifl*Rffffi'Bff)?JffffiB' ! 
 fiff)?O Ofiffffifliffffiqfi<&x¦  §*,&.%ff)fli< -_&&.>&< '.&.BXfl*Tffffi'Bff)?JffffiB' !D§H\&. ViF *,fiff[ !
 fiff)?O Ofiffffifl>ff)-^flHB&@(&(&BUzDH{<&.*,&d -H{ff)fi<fl'^fi<&{&.< .&Bs  O(fl"kffffi. !JF*fiff)fl*^fl
 fiff)?O OfiffffiflEff)-=B'&(&fi&.BUXwyflH#&?&*.z2Ifl*qffffiB'ff)?JffffiB !  fln @(ff)?O OfiffffiflGH\ -=B&fi&.@(&.B
&?&.nH{ffA(</(<'&=&< '.&.B7F*fiff)fl*.X

8;¦ ]6 YeX ²LY]Qy w 6 

 jWdDd
]?&.*fi !ffi!5zfi<& FF!)ffffi. O(ff)fl]fl2Wfi<&#lbF Kqli OFF*fifl |<q(flQ(<&h254n698B O( \2I*fifl"Z x-fiffffi"kF!)&
?Jffffi-fi !b&cbF&*fiffffi"k&.D-fi<flH{-^ O>ffffi*fi&. -fi&B>-fi&-fiffA(ff)?JffANPiffffi~B'&(&fiffffi%] fiff)?O O(&B~fl*,fiffffid O!
 *fi&. -iH{<&.ufl"$F *fi&Bp(flj(<'&+d O!ffiffffi_'*( Ofi&.Bfl'47¢¢n-,F Ofiff[ !)!)PG-,"$flJflfi<&.Bf  !APb-,ffffi-X
8NF *,fiffffi.'![ *z(<'&F'*fiflFfl-fi&B OFF*fifl |<_&,(&*kF'*fi&.-,&.*;?&.-s  Ofifl"$ff)d !#B&( ffffi!)->fl2
 fiff)?O Ofi&.BE-,fi*fi@(*,&.-XQ<'ffffi-qffffi'.*fi&. -fi&Bm-fi&.'-fiff)fiff)?Jff)NP7ffffi-q Ogff)"$Ffl*;| Dq OB'?O D| %&~ffffi
-fifl"k&R25476{8\ OFF!ffiff)d Ofiffffifl'-.XbKfl*x&@c' "kF!ffi&Ozffffi/F'*fi&.-,*fi%ffffid O!U_*( Offffi/"$ FFff)%>ffffi/fi"$fl*
F Ofiffffi&.Dfi-\%*,&d O#&."kF< -,ffffi-ffffi-F'\fls d?flffffiBff)%=-fiF Ofiff[ !K"kffffi-,*fi&.%ffffi-,fi*( OfiffffiflLflO2T fiff)?O Ofi&.B
*fi&%ffffifl'-$ OBB&@(&(ff)%1 OWPCfl*,fiffffid O!{ fiff)?O O(ff)fl§ffffi§(<&j?JffffiffffiffANPufl2Rfi<&n-,*fi%ffffid O!
| *,%&.X\w9flH\&@?&.*zx.fl"$F O*fi&.B(flffi<&El'4   !)PJ-fiff)-.zH\&7fl_-fi&*,?&E"$fl*,&nff)-fifl!ffi O(&B
FffAcb&!ffi-Q-fi'%%&.-;(ffA?&=fl22 O!ffi-fi&MNFfl-fiffA(ffA?&q @(ffA? `(ffffiflUX
Y]flO(<&*sffffi"kFfl*,| OWk2I&d `(*,&Gfl2q(<'&G"$&@(<flJBff)-$(<'&E _ff)!ffiff)NPufifl1-,&EF*fiff)fl*$ff)'2Ifl*¡M
"+ `(ffffiflG(flffffi'2Ifl*," fi<&+ O(ffA?O O(ff)flm Bp "kF!ffiffA(B&~"+ F'-.XQ<ff)-eff)-qB&*,| OV&.fffffi
 n-;(*fi'('*fi&.B1H\ dPf'-fiffffi'%G nF'*fiffffifl*=B'ffffi-,fi*fiff)_'(ff)flmH{<ffffi|<UzTH{<&1.fl"~_ffffi&BpH{ffA(<pfi<&
ffffi'2Ifl*fi"$ O(ff)flpff)1(<&/B O| Gff)f(<&s2Ifl*fi" fl2{(<&/!)ffffiV&!ffiff)<flbflJBUzff)'2Ifl*fi"k-efi<&/*fi&-fi!A(ff)%
Ffl-,(&*fiff)fl*QF*fifl_ _ff)!ffiff)fiffffi&-xfl2 fiff)?O O(ff)flUXfl*xfi<&=-fiffffi"kF!)&]?Jffffi-fi !&@cbF&.*fiff)"$&Ddz  !APDM
-fiff)-H\ -_ -,&.B$flS%*fi&@PL"+ `fi(&*^F*fiff)fl*fi-^fl_'| ff)&.BL2I*,fl" -fi&%"k&.D(ff)%q(<&{_*fi ffffiSB'&.*
-,fiB'Pz -yH#&.!)!h -yflE B'Bff)fiffffifl O!&@cbF&*,qVWflH{!)&.B%&e(fl+&< '.&>(<'&~%*,&P"+ `fi(&*
F*fiff)fl*fi-ffffiL R-,F&.ffArQ*fi&%ffffifl~fl2KffffiD(&*fi&-,dXY]flfi<&.*Ffl-,-fiff)_ffffi!)ff)NPqH#fl!ffiBL_&\fiflR-fi&Qff)'2Ifl*¡M

"+ `(ffffiflg2I*,fl" F*fi&@?bff)fl->"~!)fiffAMN-,_J©,&e-,('Bffffi&-~(flGB'&r&s  Ofifl"$ff)d !)!)P7ffffi'2Ifl*,"$&B
F*fiff)fl*fi->2Ifl*$ E&@H -fi'_J©,&.@dXQ<ffffi-L&c'ff)_ffffi!)ff)NPpffffi -fi-,ffffi%'ffffi%EF*,ffffifl*LF'*fifl_ O_ffffi!)ff)(ff)&.-=2Ifl*
 fiff)?O Ofiffffiflff)-/ uBffffi-;(ff)j OB'?O D| %&EflO2efl*jx dP&-fiff[ O"k&fi<flJB(< Ojff)-s< *,B(fl
*fi&F!ffiff)d Ofi&qffffi/flJM¡x dP&-fiffffi nF *( B'ffffi%"k-.X
69&.&Wfi!)Pz-fi&?&.*fi ! !)fi&.*fi O(ffA?&ix dP&-fiffffi n-,F Ofiff[ ! B-fiF OfiffffiflOM(&"$Ffl*( O!"kflbB'&.!ffi-#2Ifl*
  !APJ³.ffffi'%$25476{8QB O( +< d?&L_&.&EF*fiflFfl-,&.BUXU4nfl-,fi!)Pz-,F O(ffffi !fl*]-,F O(ff)flOMvfi&."kFfl*( !
F*fiff)fl*fi-# *,&yff)"$Ffl-fi&B$fls @(ff)?O Ofiffffiflk "kF!)ff)('B&.-zD_'x'fl\fls @(ff)?O OfiffffiflSff)Bffffi. O(fl*fi-.X
Q<&.*,&2Ifl*,&zUfi<&~2IflJ.-qff)-RflEB&*fiff)?Jff)%/Ffl-,(&*fiff)fl*]Bff)-,fi*fiffffi_''(ff)fl-]flO2fi<&S "kF!ffiffA(B'&.-.z
 Bg!ffi&-fi-=flpB'ffffi*fi&=d O!ffi.'![ OfiffffiflGflO2xFfl-,fi&.*fiff)fl*qF*,fl_ _ff)!ffiffA(ffffi&-Rfl2\ fiff)?O OfiffffiflEfl*iflbM
 fiff)?O Ofiffffifl/fl2?fldcb&.!)-.X
¦
fl-fi-fi!]@yA 0' D:yB'&?&!ffiflF&.Bf /<ffffi&*( *,|<WPGfl2x\ P&.-,ff[ g"$flJB&!ffi-.zffffi*fi&d O-fiffffi'%/ffffi
.fl"kF!)&@cbff)NPR2I*,fl" -fiff)"$F'!ffi&^-fiF O(ffffi !D"$flJB&!ffi-2Ifl*(ff)"$&MN.fl-,( D O(ffA?O O(ff)fl= "$F'!ffiff)fiB&-
(fl>&cbffffi_!)&q-fi&."kffffiF *( "k&fi*fiff)y-,F O(ff)flOMvfi&."kFfl*( !"$flJB&!ffi-x O!ffi!ffiflH{ff)%~2Ifl*\fiffffi"k&@Mv-fiF &RffffiJM
(&*( @(ffffifl-.X \fl*,*fi&-fiFflBff)%p-,F Ofiff[ !xfl*k-,F OfiffffiflOM(&."kFfl*( !x¦= O-fi-,ff[ 47 *,Vfl?§*( ObM
Bfl" r&.!)Bg0¦=4769^:F'*fiffffifl*fi-Q *,&R -,-fi"k&.B/2Ifl*\ fiff)?O Ofiffffifl+ "$F'!ffiff)fiB&-.zW_'xH{ffA(<fl'
ffffifl*fiFfl*fi O(ff)flEfl2Q O O(fl"$ff)d !F*fiff)fl*qVWflH{!ffi&.B'%&XY .fl&.*,fH{ff)fi<p-,|<1  O(fl"kffAM
d !)!)P=fl'ffffi'2Ifl*,"$&Bk¦= O-fi-,ff[ LF*,ffffifl*,-hffffi-(<&xfi&.B&P>fl2fl	?&.*,-fi"kflbflfi<ffffi'%qffffiL*fi&%ffffifl-
H{ff)fi</<ffffi%</-,F Ofiff[ !.*;?O O(*,&z2Ifl*\&@c' "kF!ffi&] O{_fl*fiB&*fi-x_&NH#&.&7<ff)%<j B/!)fl	H M
(ffA? `(ffffiflUzfl*i(flG-,"$flJfl(<f dHx dPp_ffffifl!)fl%ff)d !)!)P"$&. ff)%2I!-fi"$ !)!^!ffiflJd ! *,&d n&@¥&fi-.X
Q<&.*,&2Ifl*,&zWK <*,"$&ffffi*Q@A 05D:*fi&F![ O.&{¦=4769GF*fiff)fl*fi-h_DP~"$fl*,&\*,fl_-; BL!ffifl`M
d !)!)Pk B F'(ffA?&]4769fF*fiff)fl*fi-XWY]!)fi<fl%<+-fifl"$&yffffi"kF*fifl?&"$&D\fl"$F *fi&B+(fl>¦e4769
F*fiff)fl*fi-#ffffi-\ |<ffffi&@?&BUz'(<'&RFflO(&.Dfiff[ !K(fl>B'&(&{-,"+ !)!K!ffiflJd ! *fi&. ~&¥&.@(-Q*,&."$ ffffi-#!ffiff)"SM
ff)fi&.BUX'4nfl*,&.fl?&*.z'ff)s_fl(<$d -,&.-.zb(<&R47 *fiVOfl?s|< ff)/4nflWfi& x *,!ffifl> O!ffi%fl*,ff)fi<"$-^'-fi&.B
(fl1&-,fiffffi"$ O(&j(<&n"$flJB&!ffi-kF*fifl?&n(fl1_&7-,_-,( D(ffffi !ffi!AP§-fi!ffiflH#&.*+fi< fi< O+-fi&B(fl
&.-;(ffffi"$ Ofi&R(<&i"kflbB&!UF*,flFfl-fi&.Bffffi/fi<&i.*,*fi&.D9F F&.*X
Y Bff)¥&.*,&.Dk FF'*fiflD |<§(flm-,F&.ff)23Pf-fiF `(ff[ O!xfl*>-,F O(ff)flOMvfi&."kFfl*( !"$flJB&!ffi-~2Ifl*>254n698
B O( >ffffifl*fiFfl*( `(ffffi'%>  `(fl"kffffi. !KF*fiff)fl*\VWflH{!ffi&B%&q< O-x_&&.jB&@?&.!)flF&.Bj_DP 'qffffi&_&!
@/A L05D:z9 B B OF'(&BZ(fl"~!)fiffAMN-,_J©,&n-,('Bffffi&-Gffffi 'qff)&._&.!= B*fiff)-,fifl
0D:@XQ<&$_ -fiff)kff)B&d /ff)-i -q2Ifl!ffi!)fl	H{- ff)*fi-,.z p FF*,fldc'ff)"+ `(&L*fi&.fl'-,(*,fiffffiflgfl2
(<&\%*fi&@Pe"$ O,(&.*-fi*;2 .&\ffffi-. !ffi![ `(&.BX`8NS y-fi&.flBL-;(&.Fz(<ff)--,*,2 &xffffi-F*,fl`©,&.@(&.B
flD(fl/ $F![ '&~F*,flbB'.ffffi'%s $K `fi(&&.BG?&.*,-fiffffiflEfl2^(<&e%*fi&@P7"$ O,(&.*9-fi'*,2 &X¦i -¡M
-fiffffi $ff)-fiflfi*fiflF'ffffiQ_ -,ffffi-2I@(ffffifl- *fi&{(<&+B&@r&B+H{ff)fi<$&.D(&*fi-xfl$ e-,F Ofiff[ !%*,ffffiBSfl2
(<&{K O,(&&.Bs-,*,2 O.&zb Bk(*fi -,2Ifl*fi"k&.Bk_ |VSflD(fl=(<&9fl*fiff)%ffffi !'%*,&Pk"$ Ofifi&.*-fi*¡M
2 .&OXKQ<&~*,&.-fi'!)(ff)%S_ -,ffffi-{2Ififfffifl'-] *,&iflbM¡¦= '-fi-fiffffi UzK 'ffffi-fiflO(*fiflFffffiOzK B!ffiflJd !)!)P
 B Fb(ff)?&R(<*,fl%<j(<'&i  Ofifl"$ff)d !ffffi'2Ifl*fi"$ O(ff)fl+&"$F!)flP&.Bjff)jfi<&.ff)*x.fl-,fi*fi@(ffffiflUX
ffffi !ffi!APz-,F O(ffffi !ffi!APs-,"$flJfl(<'&.BG O(ffA?O O(ff)flj"+ F'-] *,&efl_'| ff)&.B7 -]*,&.%'![ *,ffffi³.&Bn!)&d -;
-fi}W *,&.-Tr(-zdH{ff)fi<ifi<&B&.-,ffffi%i"$ O(*,ffAc]B&fi&.*,"$ff)&.Bi_DPR(<'&.-fi&#  `(fl"kffffi. !ffi!AP{ffffi'2Ifl*,"$&B
_ -,ffffi-Q2I@(ffffifl-.X
x -,&.B§fl1(<'ffffi-~H#fl*fiVKz*fiff)-,fifl@=A {0D D:i*fi&.&.D(!AP1-,%%&-,(&B G<'ffffi&.*fi *fi|<'ffffid O!
-fiF `(ffffifl`Mv(&"$Ffl*fi !Qx dP&-fiffffi "$flJB&!{H{<'ffffi|<ff).fl*,Ffl*( Ofi&.-$  Ofifl"$ff)d !QF'*fiffffifl*kff)'2Ifl*¡M
"+ `(ffffiflUXQ<'&Pmffffi"kFfl-fi&~ n¦i -,-fiffffi mF*fiff)fl*Rflg @(ff)?O Ofiffffifl7&¥&.fi-q(< Oiff)-Rfl_'( ffffi'&.B
	
_DPp"kflJB![ `(ffffi'%s(<&$.fl?O *fiffffi .&k"$ O(*,ffAcmfl2x n-;| Ofiffffifl O*,Pp¦i -fi-,ff[ p*( 'Bfl" r&!ffiB
-fiff)%q R%*,&Pe"+ `fi(&*F*,ffffifl*XOYxh!ffi&d O-,hff)>.'*fi*fi&Dffffi"kF!ffi&"$&W( O(ff)fl-z	 RF*fifl_'!ffi&." H{ffA(<
(<ff)-{ FF*,flD |<ffffi-xfi< O{ff){. fl!)P$_&e OFF!ffiff)&.Bsfifl+ L*fi&-,fi*fiffffi@(&Bn-,&d *,|<n?fl!ffi"k&Xfl
 d?flff)B7(<ff)-yfl"kF'| `(ffffifl !TF*fifl_!ffi&"nz(<'&Pn.fl">_'ffffi&=F*fiff).ff)F !T.fl"$Ffl&WR  !APDM
-fiff)-R Bn(<&>'-fi&>fl2^  Ofifl"$ff)d !)!)P+ffffi'2Ifl*,"$&B7_ O-fiffffi-92I@(ffffifl-]B&@?&!ffiflF&.BEff)('qffffi&_&!
@=A Q0D:@XwyflH#&?&.*.zff)1.flDfi*( -;L(flGfl'*L FF*,flD |<u(<'&sF*fiff)fl*~F'*fifl_ O_ffffi!)ff)NPmfl2
 fiff)?O OfiffffiflLfl2U i?fldc'&!ff)-flF *;#flO2(<'&9"kflJB&.!5z-fifl=(< Ofi<&{Ffl-;(&*fiffffifl*F'*fifl_ O_ffffi!)ff)NP
fl2{ @(ffA? `(ffffiflgff)-e'fl>Bff)*fi&(!APg d? Offffi![ O_!ffi&~fi<*fifl%<ffi<&sx dP&.-fiffffi 1F O*( Bff)%"XTwyflHxM
&?&.*.zfl&.F'fi !ffi!AP+ffAQ-fi&&."k-QFfl-fi-fiff)_!ffi&y(flL.fl">_ffffi'&](<&-fi&= FF'*fiflD |<'&.-xH{ff)fi</-fiF `(ff[ O!
x dP&-fiff[ O?O *,ff[ _!)&R-fi&!ffi&(ff)flUX
fl$fl*yVJ'fl	H{!)&.B%&z"$flJB&.!)-QH{<ffffi|<E O-fi-fiff)%7F'*fiffffifl*9F'*fifl_ O_ffffi!)ff)(ff)&.-QBff)*fi&(!APs(fl$ffffiB'ffffid 	M
(fl*,-e2Ifl*e @(ff)?O Ofiffffiflmfl*=flJM¡ @(ff)?O Ofiffffiflmfl2\?fldcb&.!ffi-~< d?&s_&.&1F*fiflFfl-,&.B1fl!)Pmff)1 
-fifl"k&H{< O\B'ff)¥&.*fi&Dx 'Bs"$fl*fi&{*fi&-,(*,ffffi@(&.B$.flDfi&@cJdX'x -fi&Bsflk(<&9ffffiB&. -fl2 h?&*fiffAfi
 BC\!)!ffi"kfl*fi&70;d¢¢¢D:zwy *,,?bff)%m B &-fi& 05D:=F*fiflFfl-,&j G-fiF Ofiff[ !"kffAcJ(*,&
"$flJB&!'2Ifl*fi<&{"+ FLflO2?flcb&!)H{ffffi-,&
¤
Mv?O !ffi'&.-^fl2 fiff)?O Ofiffffifl>&@¥&fi-#&-,(ff)"+ `(&.BL_DPL![ -¡M
-fiff)d !bl'4 *,&.%*,&.-fi-,ffffifl~ffffi> 9Ffl-,,MvF*fiflJ.&-fi-,ffffi%y-,(&FUXOKfl*&. |<~?fldcb&.!R7fizO y!ffi O(&W_ff) *,P
ffffiB'ffffid `(fl*
ff
)ffffi-9ffffiD(*,flbB'.&BUz Bj(<&+0"$ *fi%ffffi ![:#Bff)-,(*,ffffi_b(ffffiflflO2hff)fi-
¤
Mv?O !ffi'&.-
¤
)ff)-
-fiF&.ff)r&Bs_DP+ e"$ff cbfi*fi&{Bff)-,fi*fiffffi_''(ff)fl =h0
¤
) $
ff
)
.
	:o;0¡ : =h0
¤
) $
ff
)
.
:@XJwy&*fi&z
ffffi-Q(<'&=2I*fi fiffffifljfl2h fiff)?O O(&B?fldc'&!ffi-zfl*{ff)-Qfl_'| Offffi&Bfi<*fifl'%<7"kfl*fi&qfl"kF!ffi&cj"$ff cWM
(*,&]"kflbB'&.!ffi-XblbF Ofiff[ !K.fl*fi*fi&![ Ofiffffifl'-\ *,&]"kflbB'&.!ffi&B+_DP$F*fiff)fl*fi-2Ifl*x O(ffA?O O(ff)fl$F'*fiflr!)&.-X
Y]%D OffffiUz(<'ffffi-R OFF*fifl |<Gffffi-] FF!)ffffi&B7fl!APj(fl+-,"+ O!ffi!ffi&*{-fi&d O*fi|<E?fl!)"k&.-.z B7ff)yffffi-]'fl
ffffiD(&%*( `(&.Bjff)Wfiflk kfl"$F'!ffi&fi&R-fiF O(ff)flOMvfi&."kFfl*fi !"kflJB&.!5X
 	
J



  ]flZfi @W
  3W


Z

f&SF*,fl?bff)B&L-fifl"$&LB&@| ff)!ffi-Rflmfi<&SFfl-,(&*fiff)fl*qBffffi-;(*,ffffi_'fiffffifl'-]-,&.Bfff)G(<&S-fi "$F'!ffiffffi'%
-fi|<&"$&OX  yflfi&ir*fi-,{fi< OQ(<'&i2I*fi fiffffifl !flBffA(ffffifl !F'*fiffffifl*Qffffip0£:\ff)-9¦= O-fi-,ff[ 
U<) $
ff
)
.
0,
P
) ,

)
,!(G) 8f0q) ,

)
)I:Z,
H{<&.*,&
q)
.
S
N
)
0W()  
P
)3:
S
N
)
S)
,

)
.
3
S
N
)
S)
1

 



ff	$ @  	`W


!|33 
fl]B*( dH§(<&\-( "kF!ffi&O&
ff
X
,21211,
ff 

5Q2I*,fl" (<&T©,flffffiDFfl-;(&*fiffffifl*­0
ff
$ (:fl2 @(ffA? `(ffffifl
_ffffi *,Pkffffi'Bffffi. O(fl*,-.zDH#&q.fl-;(*,{ +°-fiff)%!)&y-,ff)(&Ob-fi "kF!ffi&*#H{<ff)|</*fi&.F&d `(&.B'!)P$B*( dH{-
 
2I*fifl" (<&q2I!)!U.fl'Bff)fiffffifl O!Ffl-,fi&.*fiff)fl*fi-^­0
ff
)
.
 $
ff
e ) ,!(:zbH{<&*fi&
ff
e )Tff)-x(<&i?&fifl*
ff
H{ff)fi<fl'
ff
)vXQ<'&.-fi&=.flBff)fiffffifl !Ffl-,fi&.*,ffffifl*,-{ *fi&= d?O ffffi!ffi _!ffi&yffffij.!)fl-fi&B/2Ifl*fi"  O-
­0
ff
)
.
 $
ff
e ) ,!(':
.
ff0;\;Ta:Z,
H{<&.*,&
a
.
&cbF
fi
ffi



)o; C)R;
i

h
M
)

0; C
ff

:

 

,
 Bo)
.
&	 $
  7c5$ff)-](<'&L-fi&iflO2#'&.ffffi%<J_fl*,-Rfl2?fldcb&.!7,XUQ<&>?O !ffi'&>fl2 )d E_&
d !).!ffi O(&B/2I*fifl"
 )
.
!ffifl%
fi
ffi

) X

)
l

re [  +



$ 
N
)  $
$ 
N
 $

X,+

0Q3 ;t	:
X,+


 

,
H{<&.*,&

)
l
.
(
N
)
() B(
N
)
 0 
N
:
e@X

N
(G) ,

)YX
.
(
N
)

)f(G)  (
N
)

)  0 
N

) :
e@X

N

)Y(G) ,

)
.

BS)QS
N
)
'0 S
N
)
S)I:,
 B
.
Bffffi"n0
P
)I:X

	U
 
Q<&=.flB'ff)(ff)fl !Ffl-,(&*fiff)fl*xffffi-Qfl_'| ff)&.Bj_DPj.fl-fiff)B&.*,ffffi%
­0
ff
)*$
ff
e )
,4(:  ­0Q( $
ff
e ) ,
ff
)3:I­0
ff
)*$
ff
e )3:   L0
ff
)3:q,
d !).!ffi O(ff)% L0
ff
)
.
: B)>0
ff
)
.
D: BLfl*,"+ O!ffiffffi³ffffi%{(flyrBR­0
ff
)
.
 $
ff
e ) ,!(:
.
-0¡\;>aK:@zH{<&*fi& a
.
>0
ff
)
.
D:* L0
ff
)
.
	:@X
fl*x(<&i. -fi&qH{<&
ff
)
.
z
­0
ff
)
.
 $
ff
e )
,4(:  
     
­T0W(G)*$
ff
)
.
,!U<) ,

)
,
P
)I:I­T0WU<)&$
ff
)
.
0,

)
,
P
)3:I­0 

)
:c_0QU<) ,

)
,
P
)I:I­T0
ff
)
.
 $
ff
e )[:
 a05 :
e

 X +

     
0 
)
:
e

ff

 +
O0

)I:
e@X,+

&@cbFflfi 

 

)ffi
0Q(G)  
P
)  S)fU<)I:
N
0W()  
P
)  S)YU<)I: ;


)
0QU<)  q)I:
! #"
_0QU<)
,

)
,
P
)[:I­T0
ff
)
.
 $
ff
e )[:1
Q<&Rflb& $ffffi&WFU<)d +_&Rff)D(&.%*( Ofi&.Bsflbx_DP+*,&.fl%ff)³.ffffi'%L n810 q) ,%$&
h('
h

 X
:B&.'-fiff)NPX
Q<&.*,&2Ifl*,&z
­0
ff
)
.
 $
ff
e )
,!(':  a0 T:
e +

   
0 

)
:
e



 +

0

)3:
e@X,+

0

)03 ;t	:fi:
X,+

d±
&@cbFflfi 

 
) 
0Q(G)  
P
)I:
N
0W()  
P
)3:L;


)

)
  
)
03 ;t	:

) 
" _0  
)
,
P
)[:I­0
ff
)
.
 $
ff
e )[:
  0 :
e +
 03B;t	:
e@X,+

   
0  
)
:
e



 +

&@cbF fi 

 
) 
0Q(G)  
P
)I:
N
0W()  
P
)3: 

S
N
)
S)
0Q(G)  
P
)I:
N
S)QS
N
)
0Q(G)  
P
)I:

" _0  
)
,
P
)I:I­T0
ff
)
.
 $
ff
e )[:
Q<&RF O*( "k&fi&.*
P
)ff)-#ff)Wfi&.%*fi O(&Bsfl'x_WP$*fi&.fl%ffffi³ffffi%~ ~">!A(ff)?O *,ff[ Ofi&Qfl*,"+ !KB&bM
-fiffANPEH{ff)(<g"k&d )
.
0 
N 
) :
e@X

N
)Y(G)\ Bm? O*fiff[ O.& )
.


)
0 
N 
) :
e@X
z
H{ff)fi<

)
.


X
	
h

h
0WS)S
N)
:XQ<&*fi&2Ifl*fi&z
­T0
ff
)
.
 $
ff
e ) ,!(':  a0 T:
e

 e [  +
 0Q3 ;t	:
e@X,+

 
0  
)
:
e



 +
 $
 ) $
X,+

&@cbF fi 

 
) 
(
N
)
() 

S
N
)
S)
(
N
)
S)QS
N
)
(G)

;


0
N
)

e@X
)
C)3: "6_
)
­0
ff
)
.
 $
ff
e )[:
.
0 :
e

re [  +
 0Q3 ;>	:
e@X,+
 $ 
N

)  $
e@X,+

 
0  
)
:
e

re [

 +
 &cbF 
 

) X
 
)
_ 
)
­0
ff
)
.
 $
ff
e )[:
H{<&.*,&

)YXffffi-hB&@r&B$ O- _fl?&XQ<&{F O*( "k&fi&.* 

)
ff)-hffffiD(&%*( `(&.BLfl' - Lff)D?&.*,-fi&
%D "k"+ 

0
re [

,
h

:\B&-fiffANPzK-fiflL(< O
­0
ff
)
.
 $
ff
e )
,4(:  
05 :
e

re [  +

0Q3 ;	:
e@X,+

$ 
N

)  $
e@X,+

 
)YX


e

re [  +


3  


­0
ff
)
.
 $
ff
e )[:
.
L0
ff
)
.
	:1
fl*x(<&i. -fi&qH{<&
ff
)
.
'z
­0
ff
)
.
 $
ff
e )
,4(:  
   
­T0W(G)*$
ff
)
.
o, 

)
,
P
)I:3­0 

)
: _0 

)
,
P
)3:I­0
ff
)
.
%$
ff
e )3:q1
8ND(&.%*( Ofiffffi%qflb Rfl*,"+ !bB&.'-fiff)NP~ffffi
P
) BS Lff)D?&.*,-fi&{%D "k"$ ]ffffi 

)
ff)S R-fiff)"$ff)![ *
"+ O&.*{ O-y O_fl?&Oz
­0
ff
)
.
 $
ff
e )
,4(:  
05 :
e

re [  +

$ 
N
 $
e@X,+


)
l


e

re [  +


3 


­0
ff
)
.
%$
ff
e )3:
.
L0
ff
)
.
D:1
 yfl*,"+ O!ffiffffi³ffffi%=(<&i*,&.-fi'!)(-zH\&=%&@Q(< O
a
.
&c'F &  )W5
­0
ff
)
.
 $
ff
e )3:
­0
ff
)
.
 $
ff
e )3:
.
&@cbF &  )
5
­0
ff
)
.
o,
ff
e )3:
­0
ff
)
.
0,
ff
e )3:
1
	£
h? O!ffi Ofiffffi%$(<&y©,flff)DqF*fiff)fl*RB&@r&Bpff)E&.}W OfiffffiflC0I±W:92Ifl*
ff
)
.
S OB
ff
)
.
j B
-fiff)"$F!)ff)23PJffffi'%zD(<&q2Ifl*,">![ ~2Ifl*h­0
ff
)
.
 $
ff
e )
,!(':#ff)-Qfl_'| Offffi&BUX
 


 '	I nH
 
69&F&. O(&Bm-( "kF!ffiff)%+2I*,fl" fi<&L.flBff)fiffffifl !Ffl-,fi&.*,ffffifl*,-q _fl	?&Lffffim 47 *,Vfl?E|< Offffi
4nflD(&x *,!ffiflx-fi "kF!ffiff)%x-fi|<'&."k&ff)-U*fi&. -fifl _!AP]2 -;dXff)*fi-;dz.fl!)P9(<&^-," 

hM
)	`0; 

ff

:x*,&.}Wffffi*,&.-{*fi&F&. O(&Bnfl"kF'| `(ffffifl/&d |<n-,H#&.&.Fnfl2(<&i-( O"$F!)ffffi%L-,|<&."k&XQ<'ffffi-
-fi" ffffiD?fl!)?&.-~fl!)Pg 7< B'2I!fl2xflD O(ff)%Fflff)D~flF&.*fi O(ff)fl-z%ff)?&f(<'&+-fi"$ !)! `M
&.ff)%<W_fl*fi<flJflbB-,(*,fi*fi&m-,&.Bffffifi<ffffi-+F F&.*.XQlb&.flBUz\fi<&E.fl"$Ffl&W  ) 

)
*fi&}J'ffffi*fi&-Ld !).!ffi O(ff)flgfl!)Ppfl&+2Ifl*>&. |<u!ffiflJd `(ffffifl`7Rfl1fi<&s!ffi Ofififfffi.&OXT -;dz-fifl"k&
"+ `(*fiff cGfl"kF'| `(ffffifl-.z-fi|<p -$0 
N
 :
e@X
zU&&.Bpfl!)Pn_&L&?O !ffi O(&Bgfl.&SffffiGfi<&
&.D(ff)*fi&i&.-;(ff)"+ Ofiffffifl/F'*fiflJ.&.B'*fi&OX]?&.*( O!ffi!zJH\&irB(< `QH{<&.n.flJB&.Bn&k.ff)&.D(!AP/ffffi 
!ffiflH !)&?&!!ffi % %&q(<&-fi&>fl"kF'| `(ffffifl-{d n_&eB&*,| OV&.E}Wff)|VW!)PXfl*{&@c' "LM
F!ffi&Oz&@?&.uH{ffA(<u Gfl-fi&*,?O Ofiff)?&4flD(& x *,!ffifl7-fi "kF!ffiff)%7F&.*,ffffiflJB1fl2 7-,H#&.&F-.z
(<&e&.D(ff)*fi&eFfl-;(&*fiffffifl*] @(ffA? `(ffffifln"$ F72Ifl*y +-,ffffi%!)&i-fi!ffiff).&ed G_&~fl"kF'(&BGffffin!ffi&-fi-
(< Onfl'&="kffffiW'fi&Rfln S&.Dfiffffi" 8,8fi8F*fiflJ.&-fi-fifl*.X

	U
 QJ
r`J
Q<&R O'(<fl*fi-H\fl'!ffiBk!ffiffffiVO&Q(fl> O|VJ'fl	H{!)&.B%&R BB'ff)(ff)fl !br ff[ !-,FFfl*,(<'*fifl%<s 
%*( OW2I*,fl"t(<&¦q&.*,"+   y O(ff)fl !lb.ff)&.&flB `(ffffiflS05q¦=:@zlJflB&*,2Ifl*,-fi|<W%-¡M
_&*fi&ffffi|< ²'X
'  Wb0ff
]XlX h?&.*,ff),R 'B QXqX\'!ffi!ffi"kfl*,&X\4nffAcJ('*fi&~"kflJB&.!"$ FFff)%Sfl2hfi<&e_'*( ff)7 @(ff M
?O Ofiffffifljffffij2I@(ff)fl !U"$ %'&(ff)i*fi&.-,fl '.&~ff)"+ O%&.-Xffk $fi E

ff	z 
0¡	:  A  d±'z¢¢¢'X
^XK <*,"$&ffffi*z ]XD¦
fl-fi-,!z` B>YeXw9&.'&.*,2I&ffffiBXKlbF Ofiff[ !W-,"$flJfl(<'ffffi%{H{ff)fi<>*fifl_'-,F*fiff M
fl*,-ff)e2I@(ff)fl !b476{8|X8N  

Yfi-  e

 HYF 

 fi {fi Jz
lbF'*fiffffi'%&.*=0I&.B-X4pXlb|<DHx Offffi%&*] 'BG>XKRFffA(³:zK£`M¡£bzDbX
'LX  'X{*fiffffi-;(flzx>XQX9¦q![ -,&.*.z\6=X  =XxY~X{w9&.-,flUz9lX 'qff)&._&.!z ]X{^<ffffi!)!ffiffffiF'-.z# B
 'XUYy-fi<W_*,&.*X \!ffi -fi-,ffffi. !h 'Bfx dP&.-fiffffi gffffi'2I&*fi&.'.&Sffffim&*fiflff)"+ O%ffffi%  YyFF!)ffffid 	M
fiffffifl-X=R!kH	J@z²  ®±±  '£b	bz' 'X
'LX  'X*fiffffi-;(flzY~XhXwyfl!ffi"k&.-.z  'X MN]X^fl!ffiff)&z^X  'X¦q*( -,_DPzlX ]X^6iX tff)!ffi!ffiffffi "k-.z
6iXlX  'X*( |VOflH{ff[ VKz 'Bj6=X*,&.*XhY] O!)PJ-fiff)-xfl2T25476{8fiffffi"k&@Mv-fi&.*,ffffi&-x*fi&@?bff)-fiffA(&.BX
=R!kH	J@zK  °±W£  '£ 'z¢¢D£bX
'LX  'X*fiff)-,(flUz X&.'WPz ]X^<ffffi!)!ffiffffiF'-.z'lX'qffffi&_&!z'¦SXw9ffffiD(flUz 'B  'X'Y]-fi<W_'*fi&*.X
\!ffi -fi-,ffffid O! OB/x dP&-fiffffi sffffib2I&.*fi&.&]ffffi+'&.*,flffffi"$ %ff)%  Q<&fl*,PX=ffkH	J@zK²  
±D²£ J±bzO_UX
²
>XU¦i "k&.*,"+ X kffffi&.Dq-fi "kF!ffiff)%k2I*,fl" (<'&>Ffl-,(&*fiff)fl*yB'ffffi-,fi*fiff)_'(ff)flffffi7%&.&*( ! M
ff)³.&.Bj!)ffffi&. *x"kflbB&!ffi-X

vWY@W ~   

bWff	z    £ J²'zU¢¢bX
]X6=X¦q&.fl?&.-fi&OX{Y \ P&.-,ff[ 7fiffffi"k&@Mv.fl*,-fi&i"kflbB&!2Ifl*Q2I@(ff)fl !"$ %&@(ff)=*,&.-,flOM
 O.&Rff)"+ O%ffffi%iB `| /03H{ff)(<+Bffffi-,.-,-fiffffiflK:@X' 

k 

v 

. ffiz'¢£   ²¢'  bd¢'zb'X
QXQ¦q&.fl*,%&G 'B6=Xx4n \'!ffi!ffiflJ|<UXY]FF*,flD |<&-s2Ifl*s\ P&.-,ff[ ?O *,ff[ _!)&n-,&.!)&.fiffffiflX

 Y@W fi

@ fiz     ¢    bz¢¢bX
]X¦
fl-fi-fi!5z>X^X^Yy&.*z B^X O<*fi"k&.ff)*.Xu]PJ "kffffi+"$flJB&.!)-Lffffiu25476{8|X  mH	 
{H   g4D ffiz±     'zO'X
]X^¦
fl-fi-,!z>XXYy&.*zh B1XK <*fi"k&.ff)*.Xnx dP&-fiff[ Ou-fiF OfiffffiflOM(&"$Ffl*( O!^ffffi'2I&*fi&.'.&
ff)C2I'(ff)fl !Q"$ %'&(ff)j*fi&.-,fl '.&7ff)"+ O%ffffi%'X $
+@ Z @z£   ££O±  '£²Dbz  &
' 'X
]XO¦
fl-,-fi!5z	X	K <'*fi"k&.ffffi*z Be>X	X	Yy&.*XWx dP&.-,ff[ ~"$flJB&.!)ffffi%\fl2'fi<&#<'&."kflbB'PJ O"$ff)
*,&.-fiFfl-,&R2I@(ffffiflsffffi/xiT 25476{8|X=ff#ZkH	J@z.±K0;i *,q:  Ad±D  .±'z  !)P
'd_UX
 eX\K>Xxwy *,,?Jffffi%u 'B  'X\^X  &.'-fi&.X lbF O(ffffi !y"kffAcJfi*fi&n"$flJB&.!)ffffi%gfl2i25476{8SB O| bX
Rk E, m

ff	z      '`±'zO'X
>XTwyff)%BflUXSYybcbffffi!ffiffffi *,P?O *fiffffi _!)&L"$&@(<flJB-q2Ifl*=47 *,Vfl?g|< ff)14nflWfi& x O*fi!ffifl/H{ffA(<
 F'F!ffiff)d Ofiffffifl-Xr	ffZ ffiflL

+Z fi

WY@  fi

HW
z¢   £ D£ b£¢D£bz
¢¢'X
lXWY~XWw9&,(&.!5XUQ<&y&¥&.fi-#flO2T %ff)%iFflkfi<&y<'&."kflbB'PJ O"$ff)Q*fi&.-,Ffl-fi&y"$&. -fi*,&.B
_DPs2I'(ff)fl !47698|X =R!#ZkH	J@zU 0¡	:  A²'  K £bz   W *;P'X
lX 'qffffi&._&.! 'B('LX  'X*fiff)-,fiflUXxYy O(fl"$ff)d !)!)P$ffffi'2Ifl*,"$&Bn_ -fiff)-92I'(ff)fl-9ffffi">!A(ffAM
-,_J©,&.@]-;(B'ffffi&.-X  ffk
E,  E

ff	zU²   ²  J±²'zDbX
lX-'qffffi&_&!zd6iX	¦qflb&_&!z. B 'LX  'X	*fiffffi-;(flXOYy O(fl"$ff)d !)!)P{ffffib2Ifl*fi"k&.Bq_ O-fiffffi-2I'(ff)fl-X
=R!kH	J@zU   ²£²  b²²bzO'X
6=X 'qfl<Uz4pXWlb"kff)fi<Uz OBS>X\< OUX  yflF *( "k&fi*fiff)\*fi&%*fi&-fi-,ffffiflL-,ffffi%q!)ffffi&. *fl"LM
_ff) Ofiffffifl-\fl2_ -fiff)-x2Ififfffifl'-.X

vWY@W ~   

bWff	zU   '    DJzbX
Y~X69 O23fi&.*,PX^w9PJFfl(<'&.-fiff)-Q(&.-;(ff)%k Bj"$flJB&!-fi&!ffi&(ff)flUXh8N X¦qffffi!)VJ-zlXK69ff)|< *fiBJM
-,flUzU OBE>XlJFffffi&%&.!)< !)fi&.*z&Bff)fifl*fi-z  E  	  '  ¡ @Y 	 , @W |@z
F O%&.-i²D£   bX \< F"$  Bnw] O!ffi!z'flBflzU¢¢²bX
4pXlb"kff)fi<m Bp6=X 'qfl<'UX  yfl'F *( O"$&@(*fiff)>*fi&%*fi&-fi-,ffffiflm?Jff[ /x dP&-fiffffi p?O *,ff[ _!)&~-,&@M
!)&.fiffffiflX	@	RZffifl  q+@W @z £   '   O±±z¢¢²'X
6=XlJH#&.'B-fi&§ B  'X f %'X  yflJMNffA?&*fi-( O!*fiffA(ffffi. !hB'PJ O"$ff).-iffffif4nflD(& x *fi!)fl
-,ffffi">!ffi O(ff)fl-X 	   fi 9 	H
@N@z£    ²   'z¢JX
4pX^ &*.X  H`? fl2

WY@  fi\#Z2fld| |@X  *fiBUX ^BUXAz#lbF*,ffffi%&*;M
K&.*fi!ffi %    y&H
fl*,VKzU¢¢²bX
 
¿Ó¹n²Å¹ ïÄC¸É»l¹¸ ±	¹±º»l°v»l¹ æ±·¶Î»¦³ ÖgÅ¹nº ÅÍ£Ò³²¶¼½¿æ¹²Å¹
¾r±YÁ éÙ
)
é·¶Å½M¾rÙ	¶ô
%Ù	 õGÁ £¾àÁ
p
)
k
X
¾rÙ	¶ôÁ
h
¾rÙ	 õGÁ

X-e

h 
¾iËÉÁ éÙ
)
é·¶Å½
l
X

	
h
k
X

X-e
l
X

	
h
k
X ff
¾àÁfi
p
)
k
Xfl
¾Ù	¶ôffi¾
)
@ôÁvÁ

h
¾ô! #Ù	¶ôffi¾
)
@ôÁvÁ

X-e

h #"
¾rµÁ éÙ	 ó$
)
§·Å½<¾rÙ	¶ô
%Ù	 õGÁ ¾àÁ&%ã»Ô~¸
fl('
p
)
k
X

)

)
òfiÙ	 ó
' )*)
) ,+
¾
)
-

Á
"
¾rÇMÁ éÙ	 ó$
)
é·¶Å½.
l
X

	
h
k
X

X-e
l
X

	
h
k
X  
¾àÁ&%ã»Ô~¸
fl '
p
)
k
X

)

)
òfiÙ	 ó
' )
)
) ,+
¾
)
-

Á
"
ç±	Ë ·»0ä)Õ¶ô
ç-Æg»aÍiÅGÎ¹ÓÒ³²¶¼½¸g¹n²Å¹n³ÓµÅ¹¹»¦³v¸ÉÅG¼gÇg²´¼½°vÅ°Æ»}¸ÉÅG³v°v»l¹n²Å¹^±µ°²Ï	±	°²ÅG¼t±¼ Ç$±º¸ ·´²°ÎgÇ»-º±	¸<³
²¶¼0/ ½GÎ¹»¦³0ô±¼gÇ Ø~Õ
(a) α=Flat, θ=0 (b) α=Grey, θ=0
(c) α=Flat, θ=0.6 (d) α=Grey, θ=0.6
Ö£²½ÕGä)Õ¶ô	ÕG¿ÅG³v°v»l¹n²Å¹Ó±µ°²¶Ï%±	°²ÅG¼º$±	¸ ³£Í¡Å¹æ²´¼gÇg²Ï7²¶ÇgÎg±·Yä Îg³²´¼½°Æg»^ÍiÅGÎ¹{Ò³²¶¼½}¸g¹n²¶Å¹n³£²¶¼>°±%È
Ë ·¶»ô	Õç-Æ»^½¹»lÄº±	°v°v»l¹{¸ ¹n²Å¹:²´³:¸<·Å°v°v»¦Ç)²´¼½¹»lÄ)ÅG¼>°Æ»Ë<±µÌ~½¹ÅGÎg¼gÇàÃ%Þa²°Æ>·¶²½GÆC°v»l¹Ï%±·¶Îg»¦³
µÅ¹¹n»¦³v¸ÉÅG¼gÇg²¶¼½°vÅ*Æg²½GÆg»l¹æ¸g¹n²Å¹¸g¹ÅË ±	Ë<²¶·¶²°²»¦³ÅÍÊ±µ°²Ï	±	°²ÅG¼±¼gÇ$Ë ·¶±µÌµÅ¹n¹»¦³v¸ÉÅG¼gÇg²¶¼g½°vÅ
Ï»l¹ÄÛ·¶ÅÞ0ÃMÅ¹21l»l¹nÅÃ<¸g¹²Å¹-¸g¹ÅË<±	Ë ²¶·¶²°²¶»¦³ÅÍæ±µ°²Ï%±	°²¶ÅG¼àÕ3 {ÅÔ~»¦·´³Þ²°ÆÝ»¦³v°²¶º$±	°v»¦Ç ¸ÉÅG³v°v»l¹²Å¹
¸g¹nÅË ±	Ë ²¶·¶²¶°²»¦³ÅÍæ±µ°²Ï	±	°²ÅG¼4¾
)
 ô65 7gÁ28ãÙ	 ùGøø	Ø±	¹n»)µl·¶±³³n²9/g»¦Ç±³}±µ°²Ï»±¼gÇ¸ ±²¶¼C°v»¦Ç
ÅÏ»l¹}²¶¼ÞÆg²°v»Õ
100
200
300
400
500
600
(a) α=Flat, θ=0
100
200
300
400
500
(b) α=Grey, θ=0
0  
100
200
300
(c) α=Flat, θ=0.6
0  
100
200
300
(d) α=Grey, θ=0.6
Ö£²½ÕÉäÕ Ø~Õà¿ÅG³v°v»l¹n²¶Å¹±º¸ ·¶²°ÎgÇg»º±	¸ ³}µÅ¹¹»¦³v¸ÉÅG¼gÇ ²¶¼½°vÅ /g½GÎ¹»'ô	ÃàÎg³²¶¼½$°Æ»)ÍiÅGÎ¹}Ò ³n²¶¼½
¸g¹²Å¹n³Ê²¶¼0°±	Ë ·»aô	Õ%ç-Æ»ÓÀÅG¼Y°v»-ì±	¹n·Åa»¦³v°²¶º±	°v»¦³:ÅÍ7°Æ»º±	¹n½G²¶¼g±·¸ÉÅG³v°v»l¹n²¶Å¹×º»¦±¼g³

¾
)
5 7gÁ
±	¹»a¸ ·Å°v°v»¦Ç$²´¼µÅG·Å¹¦ÃGË Îg°{ÅG¼g·Ä>Í¡Å¹æ°ÆgÅG³v»aÏÅÔ~»¦·¶³Ó°Æg±	°Ó±	¹»µl·¶±³³²9/ »¦Ç±³Ó±µ°²Ï»}²¶¼ /g½GÎ¹n»0ô	Õ
sl
ic
e 
7
sl
ic
e 
8
sl
ic
e 
9
sl
ic
e 
10
sl
ic
e 
11
sl
ic
e 
12
sl
ic
e 
13
sl
ic
e 
14
Ö£²½Õ7äÕ ö~Õ¿ÅG³v°v»l¹n²¶Å¹±µ°²¶Ï%±	°²ÅG¼º±	¸<³ÓÍiÅ¹»¦²¶½GÆY°µÅG¼Y°²¶½GÎÅGÎg³³·¶²¶µ»¦³ÓÍ¡Å¹²¶¼ Çg²Ï7²¶ÇgÎg±·7Ü}Õ~çaÆ»
½¹»lÄº±	°v°v»l¹^¸g¹n²¶Å¹æ²¶³{¸ ·Å°v°v»¦Ç$²¶¼½¹»lÄ²¶¼*°Æ»aË ±µÌ~½¹ÅGÎg¼gÇt±¼gÇÏÅÔ~»¦·¶³µl·¶±³³² /g»¦Ç±³Ó±µ°²Ï»
Îg³n²¶¼½*°Æ»¸ÉÅG³v°v»l¹n²Å¹a¸g¹ÅË ±	Ë ²´·¶²°²»¦³ÅÍ±µ°²¶Ï%±	°²ÅG¼ ±	¹»0¸ ±²´¼Y°v»¦ÇÝÅÏ»l¹²¶¼ÞÆg²°v»Õ
Sl
ice
 7
Sl
ice
 8
Sl
ice
 9
Sl
ice
 1
0
Sl
ice
 1
1
Sl
ice
 1
2
Sl
ice
 1
3
Sl
ice
 1
4
Ö£²½Õ×ä)Õ ðÕ:ä}µ°²Ï	±	°²ÅG¼º$±	¸ ³ÍiÅ¹)²¶¼gÇ ²Ï~²´ÇgÎg±·×Ü@¸ ¹Å~Ç Îgµ»¦ÇEËCÄ¯7¿^À õõÛµÅ¹¹»¦³v¸ÉÅG¼gÇg²´¼½°vÅ
°ÆÅG³»#Í¡ÅGÎ ¼gÇ§²¶¼ /g½GÎ¹n»ö~Õaç-Æ»#º»l°ÆgÅ~Ç Î ³v»¦³Û³v¸ ±	°²´±·0³ºÅ~Å°Æg²¶¼½ÅÍ*°ÈÏ	±·¶Î»¦³ÝÞa²¶°Æ§±
³²¶½G¼g²9/ µl±¼gµ»0·¶»lÏ»¦·ÊÅÍ( §Ù	 ÙG÷~Õàäa¹n»¦±³-ÅÍæ³v°±	°²¶³°²¶µl±·¶·Ä³²½G¼g² / µl±¼Y°±µ°²Ï%±	°²¶ÅG¼±	¹»>³ÆÅÞ¼
²¶¼ÝµÅG·¶Å¹¦Õ
In
d 
A,
 S
lic
e 
9
In
d 
B,
 S
lic
e 
10
In
d 
C,
 S
lic
e 
9
In
d 
D,
 S
lic
e 
7
In
d 
E,
 S
lic
e 
8
Ö£²½Õä)Õ ÷~Õ ¿ÅG³v°v»l¹n²Å¹-±µ°²Ï	±	°²ÅG¼Ýº±	¸<³Í¡Å¹°Æ»³·´²¶µ»°Æ ±	°-ºÅG³v°-µÅ¹¹»¦³¸MÅG¼ Çg³Ó°vÅ°Æg» 
ÍiÅ¹)»¦±µÆÅÍ-°Æ»4/gÏ»'²´¼gÇg²Ï7²¶ÇgÎg±·´³}²´¼#ÅGÎ¹*³v°ÎgÇÄÕæì·»¦±	¹>±µ°²Ï	±	°²ÅG¼ÅÍ-°Æ» 3µl±¼ËÉ»
ÅË ³»l¹Ï»¦Ç>Í¡Å¹{²¶¼gÇ ²Ï~²´ÇgÎg±·¶³àäR±¼ Ç>Ü}Ã	Þ^»¦±	Ì)±µ°²Ï	±	°²ÅG¼>Í¡Å¹{²¶¼ Çg²Ï7²¶ÇgÎg±·ã±¼gÇ>¼Å}±µ°²¶Ï%±	°²ÅG¼
ÍiÅ¹a²¶¼gÇ ²Ï~²´ÇgÎg±·¶³ìé±¼gÇ
î
Õ
0  
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1  
Enhanced LGN Activation Map, Indiv. D, Slice 7
0  
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1  
Enhanced LGN Activation Map, Indiv. E, Slice 8
Ö£²½Õæä)Õ ó~Õ
î
¼gÆ ±¼gµ»¦Ç¸ÉÅG³v°v»l¹n²Å¹±µ°²Ï	±	°²ÅG¼Rº±	¸<³*Í¡Å¹°Æ»Û³n·¶²¶µ»¦³>Í¡ÅGÎ ¼gÇ²¶¼ /g½GÎ¹»Û÷ÂÍiÅ¹
²¶¼ Çg²Ï7²¶ÇgÎg±·¶³
î
±¼gÇ >Õ  {Å¦Ô7»¦·¶³ µl·¶±³³²9/ »¦Çã±³±µ°²Ï»±	¹»/¸ ±²´¼Y°v»¦ÇéÅÏ»l¹ ²¶¼ãÞaÆg²¶°v»ÕçaÆ»
»¦¼gÆ ±¼gµ»¦ÇÝ¸g¹n²¶Å¹²´³¸ ·Å°v°v»¦ÇÛ²¶¼'°Æ»Ë ±µÌ~½¹ÅGÎg¼gÇÝ²´¼½¹»lÄ~³nµl±·»0ÍiÅ¹¸g¹n²Å¹¸g¹nÅË ±	Ë ²¶·¶²¶°²»¦³Ó·»¦³n³
°Æg±¼Ù7Õ¶ô±¼gÇÝ²¶¼Ý³nÆg±Ç»¦³ÅÍ£¹»¦ÇÝÍiÅ¹-¸g¹²Å¹¸g¹ÅË ±	Ë<²¶·¶²°²»¦³ËÉ»l°BÞ^»l»¦¼Ù7Õ¶ô0±¼ ÇÛÙ7Õ ÷~Õ
